
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at jhttp : //books . qooqle . com/ 



WIDENER LIBRARY 
II 11 III !|l| [Jilll. I [I I 

HX HKPF + 



Soi I'G 3S.£5 




HARVARD 
COLLEGE 
LIBRARY 







o^- ~ .a 



ANNUAL REPORT 



OP 



THE MAINE FERTILIZER CONTROL 



AND 



Agricultural Experiment Station. 



1885-6. 



ANNUAL REPORT 



OF 



THE MAINE FERTILIZER CONTROL 

I. 



f 



AND 



Agricultural Experiment Station. 



1885-6. 



AUGUSTA: 

SPRAGUE A SON, PRINTERS TO THE STATE. 
1886. 



HARVARD COLLEGE LIBRARY 

TRANSFERRED FROM 

BOTANICAL MUSEUM LIBRARY 

FEB. 26, 1934 



THE MAINE FERTILIZER CONTROL 



AND 



AGRICULTURAL EXPERIMENT STATION. 



BOARD OF MANAGERS. 

EX-OFFICIO. 

Pbof. WALTER BALENTINE, Orono, 
Professor of Agriculture in the Maine State College. 

Hon. Z. A. GILBERT, North Greene, 
Secretary Maine Board of Agriculture. 

APPOINTED BY THE GOVERNOR. 

Hon. S. L. BOARDMAN, Augusta. 
WILLIAM DOWNS, Esq., Sebec. 
BENJAMIN F. PEASE, Esq., Cornish. 

Officers of the Board. 
Hon. Z. A. GILBERT, President. 
Hon. S. L. BOARDMAN, Secretary. 
WILLIAM DOWNS, Esq., Treasurer. 

Station Officers. 
WHITMAN H. JORDAN, Orono, Director. 
JAMES M. BARTLETT, Orono, First Assistant. 
L. H. MERRILL, Orono, Second Assistant. 
GILBERT M. GOWELL, Orono, 

Supt. Field and Feeding Experiments. 



To the Honorable Governor mi O&mrfl of Maine* 

The Board of Managers of the Maine Fertilizer Control and Agri- 
cultural Experiment Station herewith submit to you, in accordance 
with the law, the Annual Report of the Station, for the year ending 
July 1st, 1886. 

Z. A. GILBERT, President. 

Samuel L. Boardman, Secretary. 
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William Downs, In account with the Maine Fertilizer Control and 
Agricultural Experiment Station, 

For the Year Ending December 31, 1885. 

receipts. 

From State Treasurer $4604 90 

License Fees 790 00 

Analysis Fees 36 00 $5430 90 



% EXPENDITURES. 

Salaries $1880 83 $1880 83 

Chemical Laboratory, Apparatus, &c 1285 97 1285 97 

FIELD AND FEEDING EXPERIMENTS. 

Four Steers 131 50 

Dairy Apparatus 50 30 

Platform Scales 35 00 

Fodder Cutter 35 00 

Silo, Ensilage, Plots, &c 250 12 501 92 

CONSTRUCTION. 

Water Supply 150 00 

Stable 78 67 

Chemical Laboratory 317 45 546 12 
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GENERAL EXPENSE. 

Office Furniture $81 58 

Rent 30 00 

Sampling Fertilizers 37 82 

Postage 11 10 

Interest 9 77 

Wood and Coal 12 99 

Miscellaneous 53 81 $237 07 

Travelling Expenses of Board 153 08 

Cash Paid into State Treasury 790 00 

$5394 94 
Balance in Treasury 35 96 

WILLIAM DOWNS, 
Treasurer. 



REPORT OF DIRECTOR. 



To the Board of Managers of the Maine Fertilizer Control and 
Agricultural Experiment Station. 

Gentlemen: — I herewith submit a report of the work of the 
Station for the year beginning July 1, 1885, and ending June 30, 
1886. 

A statement of the work performed by the Station op to June 30, 
1885, in collecting and analyzing samples of fertilizers, was printed 
in the last report of the Maine Board of Agriculture. With this 
exception, the present report includes all that has been accomplished 
since the organization of the Station. 

During the fifteen months that have elapsed since the Station 
officers first entered upon their duties, considerable time and money 
have been devoted to preparation for the various lines of work to 
be followed. 

A chemical laboratory of good working capacity has been par- 
titioned off from the main College Laboratory, and supplied with 
apparatus. 

The expense and labor involved in this have been considerably 
augmented by the requirements of the fertilizer inspection, as the 
rapid execution of the analyses of fertilizer samples demands a 
much more expensive equipment than would otherwise be needed. 

Part of the dairy-room of the College Farm has been fitted up 
with apparatus convenient for use in experiments involving the 
handling of milk. Platform scales and smaller scales have been 
purchased with which to make the necessary weighings in feeding 
experiments. It is expected that a portion of the barn now being 
erected by the college will be placed under the control of the Station, 
and the larger part of the lumber necessary for the fitting up of 
stalls, etc., has been purchased. 

(6) 
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Nearly an acre of good garden soil has been pat under cultivation 
in testing yarieties, methods of planting, etc., and over two acres of 
land have been laid out in plots, which are now occupied with fer- 
tilizer experiments. 

Thirty-six boxes, without bottoms, baying an area of nine square 
feet with a depth of eighteen inches, have been set in the ground and 
filled with soil made as nearty uniform as possible, the object being 
to make experiments in plant growth and avoid the necessary errors 
of field experimentation. 

The following is a summary of the work already accomplished by 
the Station in the way of analysis and investigation, excepting the 
analysis of forty-eight samples of fertilizers in 1885 : 

The collection and analysis of fifty-six (56) samples of fertilizers 
(18£G), and nineteen (19) samples of ashes. 

Ingestion experiments with bays, whole corn, corn-meal and corn- 
and-cob meal, requiring the analysis of nine (9) samples of cattle 
foods, the feeding of accurately weighed quantities of food for about 
seventy days in all, the collection of the solid excrement for twenty- 
nine days, and the analysis of six (6) samples of solid excrement. 

Comparison of the composition of the manure residues of certain 
cattle foods with the composition of the foods themselves, involving 
the collection of the solid excrement and urine for fourteen days, 
and the estimation of the important mannrial ingredients in five 
samples of food and four samples of solid excrement and urine. 

Experiment in feeding for milk production, requiring the feeding 
of two hundred and fifty-two carefully weighed rations, the partial 
analysis of two hundred and seven (207) samples of milk, eighteen* 
(18> samples of butter-milk and eighteen (18) samples of butter, 
besides taking the weights ami percentages of cream of two hundred 
and fifty -two (252) messes of milk, and making the butter from 
twenty-seven (27) lots of cream. 

Experiment in feeding steers for winter growth, continued for one 
hundred and thirty-two (132) days, during which time five hundred 
and twenty-eight rations were weighed out. Analysis of samples of 
hay from eight specks of grass, clover, and weeds. Miscellaneous 
analyses, including condi mental foods, and various materials sent to 
the Station by farmers and others. 

The chemical part of the work accomplished by the Station during 
the year has involved, as one feature of it only, at least three thou- 
sand weighings on a very delicate balance, this being only a fraction 



8 FERTILIZE* OOHTROL STATION. 

of the necessary chemical labor. The above partial enumeration of 
the details of the analyses and other operations, that have been 
necessary in order to secure the results given in this report, is made 
in order to show the real magnitude of the work that experiment 
stations are expected to undertake. 

In regard to the value of what has so far been accomplished by the 
Station, it is but proper to state that the data obtained from the 
experiments that have been conducted are given only as a report of 
progress. It seems very probable that further investigation will 
corroborate the results of the digestion and feeding experiments. 
Without doubt the inspection of fertilizers has been of considerable 
benefit already. The figures obtained from this inspection, as given 
in this report, show very plainly that a small number of brands of 
fertilizers now offered for sale in the State are unworthy the attention 
of farmers at the prices asked, and it is also made clear that farmers 
can have confidence in the large majority of brands which are found 
in the market. 

As an example of the beneficial action of the system of fertilizer 
control now in force in this State, it may be mentioned that in one 
instance the Station analysis of a sample of a Veil known fertilizer 
showed that the lot of goods from which it was taken was much in- 
ferior to the standard which this fertilizer had previously maintained. 
A representative of the company making the fertilizer, upon investi- 
gation finding that the Station analysis undoubtedly represented the 
lot of goods sampled, promptly withdrew it from the market, an 
action not only highly creditable in itself, but also directly beneficial 
to the farming community in which the goods in question were sold. 
In presenting this report I desire to acknowledge the hearty and 
efficient co-operation of those who are associated with me in carrying 
on the work for which the Station is designed. The results discussed 
in the following pages are the product of the united hand- work and 
brain- work of the Station officers. 

The college authorities, of whom the State asked a place in which 
to locate the Station, have freely given space in their already over- 
crowded buildings for a laboratory and office, and have in every 
possible way aided in advancing the interests of the Station. 

Special acknowledgment should be made to Messrs. Hauck and 
Comstock of Mechanicsburg, Pa., for the present of a No. 2 Lion 
Feed Cutter, and to Messrs. Hiram Sibley & Co., of Rochester, N. 
Y., for samples of potatoes, barley and oats. 

W. H. JORDAN, Director. 
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INSPECTION OF FERTILIZERS. 

The inspection of the various brands of fertilizers sold in the State 
has for its object (1) the comparison of the actual composition of 
these brands with the guaranteed composition, this being required by 
law, and (2) the determination of their relative values. Iu carrying 
out this inspection the fertilizers must be sampled in the hands of 
dealers or consumers, analyzed, and their values are then calculated 
on the basis of ruling commercial prices. 

Since the station was organized in March, 1885, one hundred and 
four samples of fertilizers have been examined, representing thirty- 
two brands. 

The results of the inspection for 1885 have already been published, 
and only the analyses made during the present year (1886) appear 
in this report. There is given below the analyses of fifty-six samples, 
taken from twenty-nine brands, with such preceding explanations as 
are deemed necessary for a clear understanding of the main facts 
pertaining to the composition of commercial fertilizers, and of the 
real significance that the analyses and valuations have for the con- 
sumer. 

Valuable Ingredients of Fertilizers. The ingredients of com- 
mercial fertilizers upon which both their agricultural and commercial 
values chiefly depend are nitrogen, phosphoric acid and potash. 
Besides these more valuable ingredients, sulphuric acid aud lime 
are always present in superphosphates in considerable quantities, 
being a necessary accompaniment of phosphoric acid as it exists in 
nearly all manufactured fertilizers. 

Nitrogen is the most costly of the three important ingredients 
mentioned, and adds largely to the commercial value of all the 
fertilizers sold in Maine, with one or two exceptions. It is found in 
# the markets in quite a variety of substances which are used to supply 
this ingredient to mixed fertilizers, but which are available for fertil- 
izing purposes when purchased unmixed with anything else. The 
following materials furnish organic nitrogen to fertilizers : 

Dried blood, dried and ground fish, azotin and ammonite (pre- 
pared animal matter), fish scrap, meat scrap, cotton-seed meal, 
castor pomace, horn, hair, wool, leather waste, etc. These sub- 
stances must decompose and the nitrogen become changed into 
compounds of nitric acid and ammonia before it is available to plants. 
There is, therefore, a great difference in the value of organic nitro- 
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gen as foand in the above-named materials. Dried blood, for 
instance, decomposes in the soil rapidly, while horn, hair, wool and 
leather scrap decay very slowly, and the nitrogen which they contain 
becomes useful only after, a long period of time* These latter 
substances are not only less useful to the farmer than blood, fish and 
meat, but they are also much less costly, and their presence ia a 
fertilizer supposed to be manufactured of the best materials is good 
evidence of fraud. 

The phosphoric acid of superphosphates is determined in three 
forms, according to its solubility in various liquids, viz : soluble, re- 
verted, and insoluble. 

Soluble phosphoric acid is that which exists in fertilizers in a form 
freely soluble in water. It is obtained by treating certain phosphatic 
materials, such as bone and South Carolina rock, with sulphuric acid 
(oil of vitriol). 

In the chemical changes caused by the sulphuric acid, hyd rated 
calcium sulphate (gypsum) is foiyned if sufficient water be present, 
which is the same compound as land plaster. The advantage of 
having the phosphoric acid of fertilizers rendered soluble is not that 
it remains so in the soil, for it becomes insoluble in water very 
shortly after application, but in the fact that when the compounds of 
the soil change it back to insoluble forms it becomes deposited in 
particles so minute that they are easily appropriated by the roots of 
plants. 

Reverted phosphoric acid is a term originally signifying phosphoric 
acid that had once been "soluble," but which from some cause had 
* 'reverted" or "gone back" to forms insoluble in water. Now it is 
used to designate that which is dissolved by a solution of ammonium 
citrate, and includes not onty the truly reverted, but also more or 
less of phosphoric acid as combined in the original, undissolved 
phosphatic material. Reverted phosphoiic acid, in so far as it comes 
within the strict meaning of the term, most probably has a value for 
crop production equal to that of the soluble form, but it is not clear 
that this holds true of that which would be dissolved by ammonium 
citrate from finely ground South Carolina rock, for instance. 

Insoluble phosphoric acid is that which is readily soluble neither in 
water nor in a solution of ammonium citrate, but which can be dis- 
solved in strong acids. It comes from some of the original phos- 
phatic material that has not been acted upon by sulphuric acid, and 
depends mostly for its value upon the kind of material used, whether 
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bone or rock phosphate. In any case it has less value than the 
soluble or reverted form. 

It should be remembered that the terms "soluble," "reverted," 
and "insoluble" are merely relative in their significance. There is 
no compound of phosphoric add that is not dissolved to a slight 
extent, at least, bj pure water, and to a still greater degree by 
ammonium citrate, and the extent of the solubility of raw phosphates 
in these liquids, and in weak acids such as are found in the roots of 
plants, depends very largely upon their mechanical condition* or the 
degree of fineness to which they are ground. 

The potash used in this country for agricultural purposes comes 
mostly from Germany in the so-called "German potash salts," which 
include potassium sulphate, potassium chloride (the murktte) and 
kainite. Except for a few special purposes, potash is equally valu- 
able in all these forms, but costs least in the muriate and in k&tnite. 

The Valuation of Fertilizers. 

The law establishing the Station requires that the average of three 
analyses of each brand of fertilizer sold in the State, with certain 
exceptions, shall be compared with the guaranteed composition of 
the fertilizers examined. 

This Station, in common with all American experiment stations 
that stand in an official relation to the fertilizer trade, goes farther 
than this and applies a schedule of trade values to the goods that it 
inspects. By means of these trade values there is calculated for 
each brand what has been designated as the "estimated value** or 
the "station valuation." As these estimated values are not intended 
to represent the proper selling price of mixed goods at the point of 
consumption, and in ordeT to prevent any possible misapprehension 
as to their real meaning, the following explanations are offered : 

1 . These trade values represent very closely the prices at which 
a pound of nitrogen, phosphoric acid and potash, in their various 
forms, can now be purchased for cash at retail in oqr large markets. 
The} T are based mostly upon the ton prices at which certain classes of 
goods are offered to actual consumers, and correspond also to "the 
average wholesale prices for the six months ending March 1st, plus 
about twenty per cent in the case of those goods for which we have 
wholesale quotations." 
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2. Those trade values do not include the charges for transportation 
from the market to the consumer, for storage, mixing, commissions 
to agents and dealers, selling on long credit, bad debts, etc., etc. 

3. They are the prices of nitrogen, phosphoric acid and potash, 
ready for use by the farmer, when these ingredients are purchased 
under the above-named conditions, singly and not mixed. In ordi- 
nary superphosphates we find these three ingredients mixed, but this 
is not a necessary condition of their use. 

An illustration may serve to make clear the above statements. A 
farmer wishes a ton of fertilizer similar to the well known brands 
sold in this State. If he purchases for cash in New York or Boston 
sixteen hundred (1,600) pounds of dissolved bone black, three 
hundred (300) pounds of sulphate of ammonia, and one hundred 
(100) pounds of muriate of potash, and mixes these ingredients 
together, he will have a complete fertilizer not essentially different 
from many standard brands of ammoniated superphosphates. The 
cost of the ton after mixing (if the farmer prefers to mix the 
ingredients) will be made up as follows : 

a. Cost of the materials in the markets. 

b. Cost of transportation. 

c. Cost of mixing. 

The first element entering into the total cost is the only one 
included in the "estimated value." If there is added to this one 
element, not only the charges for transportation and mixing, but 
also the expenses of selling through agents and dealers, long credits, 
bad debts, etc., we have the factors involved in the cost of our 
ordinary superphosphates when delivered at or near the place of 
consumption. As is to be expected, the station valuations of 
superphosphates fall below their selling prices. Last year the aver* 
age difference in this State was $9.00 per ton. 

This year it is $9.96, excluding certain brands for which there is 
evidently a serious overcharge. # 

4. The Station valuations stand in no direct or necessary relation 
to the comparative profits which may be derived from the use of the 
various fertilizers by individual farmers. These values have an 
almost purely commercial significance, and are not designed to point 
out to a farmer whether he shall use potash, which is a comparatively 
cheap ingredient, or nitrogen, which is comparatively costly. If 
ordinary superphosphates are compared, however, on the basis of 
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commercial valuations it will be found to be true in general that their 
fertilizing power is in proportion to the money value. 

The following schedule of trade values used in this State for 1886 
is the one agreed upon by the experiment stations of Massachusetts, 
Connecticut and New Jersey, after a careful study of prices ruling in 
the large markets of New England and the Middle States. 

There is scarcely any trade in raw materials and chemicals in 
Maine from which to obtain data for the determination of such values, 
but quotations made to Maine farmers by Boston and New York 
dealers are in accord with the prices given below. For comparison, 
the trade values used in 1885 are also given : 

TRADE VALUES OP FERTILIZING INGREDIENTS IN RAW 
MATERIALS AND CHEMICALS FOR 1886. 

1885 1886 
Cts. per lb. Cts. per lb. 

Nitrogen in ammonia salts 18 18.5 

44 in nitrates 18 18.5 

Organic nitrogen in dried and fine ground fish 18 17 

Organic nitrogen in guanos, dried and fine ground 

blood and meat 18 17 

Organic nitrogen in cotton seed, linseed meal and 

in castor pomace 18 17 

Organic nitrogen in fine ground bone 18 17 

44 u in fine medium bone 16 15 

" " in medium bone 14 13 

44 " in coarse med. bone 12 11 

" " in coarse bone, horn shavings, 

hair and fish scrap 10 9 

Phosphoric acid, soluble in water 9 8 

44 " soluble in ammonium citrate 

(commonly called "reverted") 8 7J 
Phosphoric acid, insoluble in dry fine ground fish 

and in fine bone 6 7 

Phosphoric acid, insoluble in fine medium bone 54 6 

u " insoluble in medium bone 5 5 

44 " insoluble in coarse bone 4 3 

u u insoluble in coarse medium bone 4i 4 
44 44 insoluble in fine ground rock phos- 
phate 2 2 

Potash as high grade sulphate 7£ 5ft 

44 kaiiiite 4* 4£ 

44 muriate 4j 4£ 
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These values are applied to the valuation of superphosphates and 
all mixed goods, as follows : 

It is aasumed that the organic nitrogen of these goods has for its 
aonrce such materials as dried blood, ground fish, or nitrogenous 
substances of equally good quality, unless a special examination of 
some particular brand shows that inferior material like leather has 
been used. Organic nitrogen in mixed goods will therefore be valued 
M seventeen cents per pound. 

The insoluble phosphoric acid of mixed fertilizers is considered 
as coming entirely from bone, and not from South Carolina rock, 
and is reckoned at three cents per pound. 

The potash is valued at the price of that ingredient in kainite and 
the muriate, unless the chlorine present in the fertilizer is not sufficient 
to combine with it, in which case the excess of potash is reckoned 
as the sulphate. 

The valuation of a fertilizer is obtained by multiplying the per- 
centages of the several ingredients by twenty (which gives the pounds 
per ton), and these products by the prices per pound, and the sum 
of the several final products is the market value of the fertilizing 
ingredients in one ton. 

These estimated values should be studied in the light of the previous 
explanations. It will probably rarely happen in this State that a 
mixed fertilizer can be sold near the point of consumption as low as 
the Station valuation, the excess of cost representing certain expenses 
previously enumerated. The Station valuations give the consumers 
a fairly accurate basis for estimating the relative cost of plant 
food in the various brands of fertilizers, and will help the farmer to 
determine whether he can in any way profitably change his methods 
of buying fertilizing ingredients. A caution should be uttered, 
however, against making too close an application of the Station 
valuations, as a difference of a few cents, or even of a dollar, on a 
ton between two brands may have no real significance, but may be 
due to unavoidable errors of sampling and analysis, that render it 
impossible to determine to the utmost exactness the composition of 
the entire bulk of material that is sold. 

All the samples analyzed in 1886 have been selected by Station 
officers. Three samples have not been secured of every brand 
so far this year, as required by law, in some cases because it has 
been difficult to find the fertilizers on sale in three places, in other 
instances because the fertilizers are not sold very much through 
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agents and so are found largely distributed only in the hands of 
consumers, and partly because of lack of time before issuing this 
report. 

The tables which immediately follow give on the left-hand pages 
the history of the samples taken, and on the opposite right-hand 
pages the results of the analyses. The selling prices given repre- 
sent in most instances the rate at which single packages, and not ton 
lots, are sold. The comparative money values, as calculated by the 
Station in the manner previously explained, have much more sig- 
nificance than the excess of selling price over valuation, because the 
selling price varies in some instances according to the quantity of 
fertilizer sold, conditions of payment, location, &c. 

There is one point in connection with the excess of selling price, 
however, to which attention should be called, which is that the same 
excess of selling price over valuation in two cases does not neces- 
sarily mean that one fertilizer is sold as cheaply as the other. This 
can be illustrated as follows : A's fertilizer is sold for forty dollars 
per ton, and values at thirty- two dollars. B's fertilizer sells for 
twenty-four dollars per ton, and has a valuation of sixteen dollars. 
The excess of selling price is eight dollars in both cases, but this is 
only twenty-five per cent of the money value of the ingredients in 
A's fertilizer, while it is fifty per cent of a similar valuation of B's 
fertilizer. In other words, B is charging the farmers twice as much 
as A for handling a given quantity of plant food. 

The figures which show the composition of the various fertilizers 
analyzed represent the pounds of ingredients found in one hundred 
pounds of the fertilizer. 
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26 FERTILIZER CONTROL STATION. 

For convenience of reference the following somewhat abridged 
summary of the averages of the previous tables has been arranged. 
Those who are interested to consult this table cannot fail to notice 
the low valuation of the several brands of the so called ''Common 
Sense Fertilizers/' and the large excess of selling prices. In one 
instance, that of the Common Sense Fertilizer No. 2, the cost i9 
919.45 per ton more than the price for which the same amount of 
plant food can be purchased in the markets, the excess of cost being 
considerable greater than the Station valuation. Common Sense 
Fertilizer No. 1 makes nearly as bad a showing. The figures of this 
table, as in all the other tables, show the pounds of the various in* 
gredients in a hundred pounds of the fertilizer : 
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Ground Bone. 

An examination of a few samples of ground bone has been made, 
and the results of both the mechanical and chemical analyses are 
given below. As can be seen by the schedule of prices of ingredients, 
the finer a bone is the greater its cost is considered to be. So far as 
it is a question of the use of ground bone by farmers, the degree of 
fineness is an important consideration. 



s 



134 

13d 
166 
164 



BRAND. 



Bone Meal 

Pare Ground Bone ... 

Ground Bone 

Bowker's Fine Ground Bone 



Manufacturer. 



Sagadahoc Fertiliier Go., Bowdoin- 
ham, Me 



Belknap k Son, Portland, Me 

a t* « «« 

Bowker Fertilizer Co., Boston, Mass. 



Sampled at 



Bowdoinham 
Augusta . . . 
Lew is ton. . . 
Auburn ... 



134 
138 
166 

164 



d 


BRAND. 


Finer than 


2 


o 

ft. . 


§ 




o 

1 


1-50 
Inch. 


1-25 
Inch. 


1-12 
Ineh. 


.3* 


134 


Bone Meal • 


50 
58 
39 


35 
21 

28 


15 
21 
39 


3.31 
3.20 
3.64 
3.25 


17.65 
17.23 
18.72 
18.54 


$32 67 
32 01 


13ft 


Ground Bone.. 


166 


it M 


33 16 


1C4 


Bowker's Fine Ground Bone.... 





Sample 164 showed that it had been treated with acid, and so it 
can scarcely be valued on the same basis as ordinary ground bone. 
It contained 4.75 per cent of soluble phosphoric acid and only 5.17 
per cent in the insoluble form. 
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WOOD ASHES. 



Wood ashes have an important and increasing use in Maine 
agriculture. With regard to the benefits resulting from their applica- 
tion there is a wide difference of opinion, which is due, undoubtedly, 
to the fact that their effect varies greatly according to the character 
of the soil. There is abundant testimony to prove that in some 
instances the use of ashes has caused a large increase of crop, and 
proof that they often fail to produce an appreciable effect is certainly 
not wanting. Again, farmers differ in their estimates of the relative 
value of unleached and leached ashes, basing these estimates upon 
experience, without doubt. Whatever any observing farmer is willing 
to assert of the use of ashes on his land is probably correct for his 
own practice, but may not be for the practice of some other farmer. 
All the questions involved in the use of ashes cannot be answered, 
but the information here presented, which has been gathered from 
analyses and correspondence, is believed to be of practical value. 

Samples of ashes have been gathered for analysis from various 
sources. The following table gives a description of them, together 
with the percentages found of the more important ingredients. 
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The next table gives a summary of the average composition of the 
ashes as classified in Various classes : 



Damp aches 

Furnace ashes . 

Tan bark ashes 

Soft wood ashes, unleached 

Hard wood ashes, unleaobed .... 
Leached ashes, mostly hard wood 



$ 

eg 


2 

< 
.2 

© 

Cu 

m 
O 
JA 
to 


Potash. 


la 




3 

o 
H 




1.09 


1.51 


1.05 


2.56 


.69 


1.38 


2.60 


1.24 


3.84 


1.05 


1.44 


.98 


1.12 


2.10 


4.64 


1.78 


2.64 


2.01 


4.65 


2.14 


3.65 


7.63 


1.56 


9.19 


31.05 


1.66 


.68 


.85 


1.53 



A 



34.25 
42.76 

? 
23.62 
36.48 
26.53 



A few facts as plainly shown by the above analyses are worthy 
of mention, viz : 

1. The total potash (potassium oxide) in the unleached hard wood 
ashes is 9.19 per cent, and in the unleached soft wood ashes is 3.65 
per cent. In both cases the ashes contain considerable potash in a 
form not soluble in water, which is undoubtedly the silicate. 

2 . The hard wood unleached ashes contain on the average phos- 
phoric acid equivalent to nearly eight per cent of phosphate of lime, 
while the soft wood ashes contain the equivalent of only about three 
per cent. 

3. The analyses give no evidence that furnace ashes are less 
valuable than ashes from household fires, provided the wood is the 
same in both cases. 

4. Leaching removed from the ashes all but about half a per cent 
of the potash soluble in water. The total potash in the leached 
ashes is found to average 1.53 per cent. 

5. Leached ashes contain about one- third their weight of water. 

6. The birch ashes, No. 85, are exceptionally valuable. Analysis 
shows them to contain phosphoric acid equivalent to 13.2 per cent 
phosphate of lime, and soluble potash (potassium oxide) equivalent 
to 15.3 per cent of carbonate of potassium or the "potash" of the 
markets. . The phosphoric acid, potash and lime in forty pounds of 
these ashes (about a bushel) would cost in the locality where the 
spool factory is located, when purchased in equally valuable forms, 
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not far from 37 cents. If the sample sent fairly represents the ashes 
in bulk, they are especially well worth the attention of farmers who 
are conveniently near the locality where they are produced. 

7. The ashes from mill waste are not quite up to the standard of 
soft wood ashes from household fires, as some of the potash has 
evidently been leached out. They are, however, too valuable to be 
allowed to go to waste, and must certainly be well worth applying 
to some clay lands. 

The following are some of the important considerations involved 
in a discussion of the use of ashes ; 

1. The differences between leached and unleached ashes («) in 
percentage composition, (J>) compared by the bushel, and (e) in crop 
production. 

2. The cost of the useful ingredients of ashes when purchased in 
other forms. 

(1) When water is passed through hard wood ashes they lose 
nearly all the potassium oarbouate that they contain, which consti- 
tutes something over one-tenth their weight. A portion of the water 
used in leaching is retained, amounting to about one-third the weight 
of the leached or one-half the wieght of the unleached ashes. A simple 
calculation shows that while an actual loss of dry substance takes place, 
one hundred pounds of dry unleached ashes would, in the process of 
leaching, increase in weight at least forty-five pounds. Compared 
pound for pound, then, the leached ashes contain much the smaller 
percentage of dry substance. 

The opinion is often expressed that in buying leached ashes a 
much larger quantity of dry matter is obtained per bushel than in 
baying the unleached, this opinion arising, without doubt, not only 
from the greater weight of the leached ashes, but from the belief 
that ashes shrink greatly in bulk under the action of water. It 
seems, however, from all the data gathered up to this time, that the 
amount of dry matter in a bushel of leached ashes does not, on the 
average, vary greatly from the dry matter in a bushel of unleached. 
The greater weight of the leached ashes is due to the water they 
contain, and not to a change in bulk. 

In response to several inquiries, the following statements have 
been obtained : 

Statement of potash and soap manufacturer: Weight of leached 
ashes 70 pounds per bushel of five pecks, based on actual weighings. 
Unleached ashes estimated to weigh ten pounds per peck. 
3 
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Statement of dealer in ashes and manufacturer of soap : Weight 
of unleached ashes fifty pounds per bushel, leached sixty pounds. 
One thousand bushels of unleached ashes will make one thousand 
bushels of leached. 

Statement of dealer in Michigan ashes: Weight of unleached 
ashes forty pounds per bushel, leached sixty-three pounds. 

If according to one estimate one bushel of unleached ashes makes 
one bushel of leached there is less dry matter in a bushel of the 
latter, for about one-tenth of the dry substance is leached out ; but 
if unleached and leached ashes weigh forty and sixty-three pounds 
per bushel, respectively, there is only a small difference in the amount 
of drj r matter in each, which is in favor of the leached ashes. This 
.is shown by the following table : 



--C0NTAINING- 



Weight. Water. Dry Sub- Phosphoric Potash. Lime, 

stance. Acid. 
One bushel unleached, hard 

wood ashes, 40 lbs. 0.8 lbs. 39 lbs. 1 46 lbs. 3.8 lbs. 14.6 lbs. 
One bushel leached hard 

wood ashes, 63 " 20 " 43 •« 1.04 " 1.0" 16.7 " 

The effect of ashes in increasing the productiveness of any soil 
can be attributed to two general causes, viz : The supply of plant 
food which the ashes furnish, and the decomposing action on the soil, 
similar to that of lime, caused mainly by the carbonate of lime in 
the ashes. On those soils deficient in potash, as experience shows 
some to be, the beneficial effect of ashes can be fairly attributed, in 
a large measure at least, to the potash which they supply. 

If, on the other hand a farmer finds that purely potash manures, 
such as the German potash salts (the muriate and sulphate of 
.potash), have no especial effect on his soil, then it is very probable that 
leached ashes would yield him as large returns as unleached, and at a 
less cost. The last table shows that with the exception of potash 
there are about the same amounts of the important ingredients in a 
bushel of the leached ashes analyzed, as in a bushel of unleached. 

(2) The cost of the useful ingredients of ashes when purchased 
in other forms, as for instance in finely ground South Carolina rock, 
muriate of potash, and burned lime, would be approximately as 
follows : 



HARBOR MUD. 30 

UNLEACHED HARD WOOD ASHES. 

1.5 lbs. phosphoric acid at 3 cts • 4.5 cents. 

3.8" potash at44" 16.1 " 

14.6 " lima at |" 7.3 " 

27.9 
LEACHED HARD WOOD ASHES. 

1 lb. phosphoric acid at 3 cts 3.0 cents. 

1 «« potash at 44 " 4.25 «« 

16.7" lime at J" 8.35 " 

15.6 

It is the custom in some portions of the State to apply leached 
ashes at the rate of 150 to 200 bushels per acre, costing from $27 
to $36. The smaller quantity (150 bushels) would contain in the 
case of the household ashes analyzed, approximately, 150 pounds* 
of phosphoric acid, 150 pounds of potash, and 2,500 pounds of lime. 
These quantities of useful ingredients could be supplied in 600 pounds 
of South Carolina rock (not treated with acid), 300 pounds of 
muriate of potash, and 40 bushels of lime. Of the important 
mineral ingredients of plants this would be considered a very liberal 
application, and would cost in the latter forms slightly less, prob- 
ably, than in the form of leached ashes. The comparative effect in* 
the two cases could only be determined by experiment, though 
there is no reason for supposing that it would be greatly different. 

Those contemplating the use of ashes should bear in mind that 
they are only a partial and not a complete fertilizer, as they contain 
no nitrogen compound of any kind. They are, therefore, lacking 
in one important ingredient that farm manures and most commercial 
fertilizers contain, aud this may be one of the reasons why ashes 
sometimes fail to produce the desired effect after a number of appli- 
cations, or even a satisfactory effect at first. It is very doubtful 
whether ashes can be made a sole dependence for the production of 
grass or any other crop for a long series of years. 

Harbor Mud. 

This was sent to the Station by Hon. Fred Atwood of Winterport. 
The barrel of mud was received several weeks before being sampled, 
and when it was opened it emitted a strong odor of ammonia. 

The following figures show the partial composition of the mud as 
analyzed, and also what the composition would have been approxi- 
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mately, had it not lost water by drying. The average composition 
of yard manure is given for comparison : 



Moisture......... ... 

Organic Matter. 

M moral matter (ash) 

Nitrogen 

Phosphoric atld 

Potash...., ,.. 

Lime.... .... .,*, ... 



liar bar Mud. 


As Analysed. 


Calculated. 


20.74 


50.00 


7.93 


5.00 


71.33 


45.00 


.17 


.55 


1.17 


.74 


.95 


.60 


2.34 


1.48 



Yard Manure. 

71.30 
15.60 
13.10 

.50 

.50 

.40 

•50 



The above comparison shows that when the mud is calculated 
to contain fifty per cent of water it has more of the valuable 
ingredients of plant food than are found in average stable manure. 
It should be remembered, however, that the ingredients of the mud 
are not so readily available to plants as the same ingredients in farm 
manures, and also that deposits of marine mud vary greatly in 
composition. Mr. Atwood writes: "I learn that it [harbor mud] 
has been used successfully as top dressing, and a small quantity I 
used showed favorably." There appears to be no reason why 
deposits of marine mud of the quality analyzed may not be used 
with profit by farmers along the coast, but it seems doubtful whether 
it is in general sufficiently valuable to warrant transportation for any 
considerable distance 

Horn Pith, 

A. L. Moore, Esq., of Limerick, Maine, sent to the Station a 
sample of horn pith, inquiring its value, as he could obtain a con- 
siderable supply of such material if desirable. After the analysis 
of the horn, the following reply was made to Mr. Moore : 

The results of the analysis of the horn pith which you forwarded 
to me show it to be very rich material. It contains as follows ; 

Phosphoric acid ........... . ,,, 2£.&6 per cent. 

Nitrogen 4.42 " 
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The above figures are about what would be found in the case of a 
fine quality of ground bone. If you can buy the material at a fair 
figure and can get it finely ground without unusual expense, you will 
obtain a first-rate quality of ground bone at a reasonable cost, Or 
what would perhaps be better, yon can treat the ground bone with 
sulphuric acid and you will have a very fine dissolved bone. Treat 
1,000 pounds of the bone with 500 pounds of 50 per cent acid. 
Such acid you can make by mixing carboy acid with water, in the pro- 
portion of eight of the former to five of the latter, by weight. 

Ashes vs. Acid for Treating Ground Bone. 

A letter was received from L. R* Damon, Dexter, Maine, contain- 
ing the following inquiries : 

1st. "What is the difference in the value of ground bone (very 
fine) as a fertilizer when cut with acid, and when cut with ashes?" 

2d. "Is the phosphoric acid in the bone worth more for immediate 
use when cut with acid than when cut with ashes ?" 

A somewhat brief reply was made to these inquiries at the time 
of their receipt, but as the matter seems to be one of quite general 
interest, a more extended discussion of the treatment of bone with 
acid and ashes is given below. 

When sulphuric acid (oil of vitriol) of the 'proper strength is 
added to bone in order to produce a superphosphate, important 
chemical changes occur at once. 

The sulphuric acid takes away two-thirds of the lime from part or 
all of the posphate of lime present, and new compounds are formed. 
One of these new compounds is a phosphate of lime containing only 
one-third as much lime as did that of the bone, and which is as 
readily soluble in water as sugar. Another new compound is 
gypsum, being identical in composition with land plaster, excepting 
the impurities of the latter. 

On the other hand, when ashes and bone are mixed together, and 
the mixture is kept in a moist condition, the chemical changes that 
take place go on slowly. While these changes are not so definite 
nor so well known as in the case of treatment with acid, they are in 
general as follows : The alkali (potash) of the ashes saponifies the 
fats, and brings more or less of the remaining animal matter into 
solution. 

Doubtless fermentation goes on which destroys some of the 
organic matter, and unless precautions are taken a loss of nitrogen is 
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likely to occur. This action of the ashes upon the organic part of the 
bone causes the boue to disintegrate to a greater or less extent, or at 
least to soften, so that it is easily broken down into a fine condition, 
provided the action of the ashes has been continued long enough. 

There is no evideuce, however, lhat the phosphate of lime in the 
bone has met with any chemical change, or that it is any more avail- 
able to plants only so far as a change in the degree of fineness of the 
bone has rendered it so. The effect of the disintegration that occurs 
is important, nevertheless, in considering the question of availa- 
bility. 

Undoubtedly the boue treated with acid has the greater value for 
immediate use bj' plants. Neither science nor practice at present 
has any conclusive evidence to offer showing that there is any form 
of treatment to which phosphatic material can be subjected that 
renders the phosphoric acid so readily available as does the action 
of sulphuric acid. 

THE PURCHASE OF FERTILIZING MATERIAL. 

The proper object which a farmer has in view in the purchase of 
commercial fertilizers is to obtain a certain amount of plant food in 
forms adapted to his needs. Moreover, it is a part of good business 
management to accomplish this with the least possible expense. It 
seems perfectly proper that the Station should aid in securing such 
desirable results, if possible, by presenting a discussion of the 
sources of supply of fertilizing ingredients, accompanied by such 
suggestions in regard to methods of buying as are obviously con- 
sistent with economy. 

Almost the entire bulk of commercial fertilizers sold in Maine at 
the present time consists of araraoniated superphosphates, complete 
fertilizers, so called, which contain nitrogen, phosphoric acid and 
potash. 

These goods are bought, in almost all instances, of local dealers, 
in quantities small or large, as the consumer desires. Thej f are, 
moreover, largely purchased on long credit, payment to be made 
"when the crop is sold." A method of buying differing widely 
from the above, and one which is increasing in favor, is for a number 
of farmers to co-operate in the purchase of a large quantfty of unmixed 
chemicals for cash, these materials by simple mixture being converted 
into the kind of fertilizer that is desired. The relative advantages 
of the two methods can be better understood after a description of 
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the fertilizing materials of the markets, and a statement of the ways 
in which these materials are combined in manufacture of superphos- 
phates. 

As before stated, the fertilizers sold in this State contain as 
high priced ingredients, almost without exception, nitrogen, phos- 
phoric acid and potash. Scarcely anything but complete fertilizers 
are used by Maine farmers. 

The first of these three ingredients, nitrogen, as used for agricul- 
tural purposes, has several sources. Nitrate of soda coming from 
South America, sulphate of ammonia which is a secondary product 
in the manufacture of burning gas, dried and finely ground blood 
from our slaughter houses, dried and ground fish, and other prepared 
animal products, known as ammonite or azotine are the principal 
materials which are used to furnish nitrogen to our superphosphates, 
and they can also be purchased by the farmer ready for his use^ 
unmixed with other material. 

Bone ash, or burned bones, bone black which is charred bone that 
has been used by sugar refiners, phosphatic guanos and South Caro- 
lina rock, are the sources of almost ail the phosphoric acid of our 
fertilizers. When any one of these materials is treated with the 
proper amount of oil of vitriol (sulphuric acid) there results what 
is termed a plain superphosphate ', viz : A fertilizer in which the 
phosphoric acid has been rendered largely soluble in water, and which 
contains scarcely anj' nitrogen or potash, such as dissolved bone 
black, dissolved South Carolina rock, etc., etc. These plain super- 
phosphates are now sold and used as such in very large quantities. 

The potash now used in commercial manures comes almost entirely 
from Germany. Included in the general term "potash salts," we 
have sulphate of potash, muriate of potash, and kainite, and dealers 
are now offering these to farmers for direct application to the soil. 

In order to secure for the purposes of crop production the quanti- 
ties of nitrogen, phosphoric acid and potash found in a ton of the 
leading fertilizers sold in this State, what of the above-named 
materials must a farmer buy ? 

Five of the leading brands of complete fertilizers sold in Maine 
this year contained on the average as follows : 

Nitrogen, 2.92 per cent or 58.4 pounds in a ton. 

Phosphoric acid, available, 10.00 " •« 200 «• •« 
Potash 2.60 " " 52 " " 
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These ingredients can be obtained, for example, by the purchase 
of sulphate of ammonia, dissolved bone black and muriate of 
potash, guaranteed to contain the following percentages : 

Sulphate of ainrooeia ?0 per tent nitrogen. 

Dissolved bone black (high grade) 18 " available phosphoric aoid. 

Muriate of potash 52 " potash. 

A simple calculation shows that in order to furnish 58.4 pounds 
of nitrogen, 200 pounds of available phosphoric acid and 52 pounds 
of potash from the materials just mentioned, the quantities given 
below would be necessary : 

Sulphate of ammonia *.»..«. 292 pounds. 

Dissolved bone black *.»... ..*». 1,112 ** 

If urate of potash « . . t . . . . . , * * . , » . • » . » 100 " 



Total * ... 1,504 



t< 



If less concentrated goods are bought as for instance, nitrate of 
soda and dissolved South Carolina rock, larger quantities would 
be required*, 

Nitrate of soda . , 390 pounds. 

Dissolved South Carolina rock 1,540 " 

Muriate of potash 100 " 

Total 2,030 " 

The materials mentioned above are usually transported in bags 
.containing 200 pounds, and if in proper condition can be easily and 
rapidly mixed with a shovel, giving a fertilizer that will compare 
favorably in both chemical and mechanical qualities with the best 
mixed fertilizers ordinarily sold. The matter of cost is the main 
thing under consideration, however. What would be the relative 
.cost under the two plans previously mentioned, viz : Each farmer 
purchasing what he wishes of a local dealer in the form of some 
mixed fertilizer, on long credit, or an association if farmers buying 
jn the markets large quantities of the materials described, paying 
eash down and bearing the cost of transportation and mixing? 
The popular price of ammoniated superphosphates, or the mixed 
fertilizers sold in Maine seems to vary from $38 to $40, there being 
•some exceptions to this rule. 

It has been possible during the past spring to buy the fertilizers 
of the first mixture suggested above, in ten-ton lots in New York, 
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for cash, delivered on board the cars, at the prices mentioned below, 
or possibly a little cheaper : 

Sulphate of ammonia at $72.50 per ton. 
Dissolved bone black " 26.00 u 
Muriate of potash " 40.00 " 

For car-load lots, transportation from New York to Bangor, for 
instance, can be secured as low as $5.00 per ton. 

The cost, then, of the mixture equivalent to a ton of an ordinary 
superphosphate delivered in Bangor, Maine, when bought by the 
plan suggested, can now be computed : 

Sulpha to of ammonia 292 pounds ai 3} cents , . . $10 58 

Dissolved bone black 1,1)2 » 1 3 10 cent* 14 45 

M urlate ©I potath 100 " % •< .. ..«i ..«.,.*» ...» 1 00 
Freight an 1*504 " 4 " ».» 3 76 

Total... * ».., 4 >....$30 70 

If less concentrated materials are used, as in the case of the 
second mixture suggested, the cost would be about the same, except- 
ing that the freight would be increased about $1.25. 

The difference in cost of a given amount of plant food which is 
equivalent to a ton of our average superphosphates, when purchased 
by the two methods compared, seems to be from $7.00 to $9.00 in 
favor of the co-operative plan of buying conceni rated, unmixed fer- 
tilisers, by the quantity, for cash. It is possible that by applying 
the same plan to the purchase of the ordinary mixed fertilizers, 
equally favorable results might be secured. 

The suggestions that have been made in this connection have 
been offered in order to meet a growing demand for information in 
regard to the points discussed, rather than for the purpose of directly 
or indirectly criticising existing methods of trade in commercial 
fertilizers. 
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THE MANURE RESIDUE OF CORN MEAL AND 
OF COTTON-SEED MEAL. 

Cattle foods vary greatly in the percentages which they contain 
of certain ingredients that have manurial value. It has been suf- 
ficiently well proved that the manure produced by any cattle food 
contains the larger part of the nitrogen, phosphoric acid and potash 
of the food, and consequent^* in about the same proportions. These 
facts are the scientific basis of the much repeated assertion that the 
manure residues of the various catlie foods differ greatly in value, 
and there certainly can be no fault in the reasoning which leads to 
the conclusion that the more of the principal ingredients of plant 
food manure contains, the greater will be its crop-producing power. 

In seeming contradiction to this conclusion are the results of a 
series of field experiments begun in 1877 by Dr. Voelker under the 
auspices of the Royal Agricultural Society of England, and which 
have been commented upon, in one instance at least, as showing 
how far scientific theories may mislead as to actual results obtained 
in practice. Dr. Voelker compared for several years the relative 
effect of manure made in part from cotton-seed and manure made in 
part from corn meal, and while in the larger number of cases the 
cotton-seed manure gave better results than the corn meal manure, 
especially with roots, the general results with all crops in the rota- 
tion do not differ greatly in the two cases. It seems very probable 
that these experiments fail to show the comparative crop-producing 
power of the manure from the two sources, simply because the corn 
meal manure was able to supply the needs of crops grown on an 
already fertile soil, so that the greater amount of plant food in the 
cotton-seed manure was in part ineffectual. The work that the 
Station has undertaken to do, the results of which are reported iiere 
in part, was planned for the purpose of showing by a sort of object 
lesson, that there is an actual difference in the crop-producing power 
of manure from different foods, and not with the intention of demon- 
strating any new fact or principle. In order to secure the desired 
object two facts must be illustrated by actual results : 

(1) That the quantities of nitrogen, phosphoric acid and potash 
of the manure stand in direct relation to the quantities of the same 
ingredients in the food. 
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(2) That the crop-producing power of two or more kinds of 
manure from different foods varies with the varying amounts of 
nitrogen, phosphoric acid and potash which they contain. 

The method adopted for illustrating these facts was the following : 
(1) To feed an animal a given quantity of different foods, of known 
composition, the solid excrement and urine to be collected and 
analyzed in each case. (2) To use the manure residues obtained 
from the different foods in actual experiments in plant growth. 

The animal selected for use in carrying on the work was a full- 
grown sheep (a wether) . He was placed in a stall so small that 
he could not turn around, but large enough to allow him some 
freedom of motion, and he received his food in a box so constructed 
that no loss could occur. A uniform daily ration , accurately analyzed 
and weighed, was fed for twelve days in each period, and during the 
last four or five days of each period the solid excrement and urine 
were collected. The preliminary feeding of the first seven days was 
necessary to insure the complete removal from the stomach and 
intestines of any residue of previous food. 

The solid excrement and urine were collected in two rubber bags 
attached to the animal by a light harness, that receiving the urine 
being connected with a bottle by a rubber tube. Between each 
period of feeding the animal was taken out of the stall and allowed 
to rest. 

The periods of feeding were three in number, and the rations fed 
were as follows : 

First oeriod I 60 ° 3 ram8 ha ^ ( about J * P ounds ')* 

x irsc period j 200 44 oopn meal ^ hQQt 49 pounds#) 

«— p—{S5 ■?■&«- —. 

T^peH.d {■"•Tr-S-L 

On account of an error due to the faulty method used in the first 
period for collecting the urine, none of the results for that period 
are given in this connection. 

/Second Period. The following table shows the partial composition 
of the hay and cotton-seed meal fed during the second period, and 
also of the dry solid excrement and urine residue. 

* 1000 grama are equal to 2.2 pounds, or one pound equals 454 grams. 
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Table Showing Partial Composition Of Hay and Cotton-Seed 
Meal, and of Manure Residue from the Same. 



Timothy hay (at* dry)..*. 
Oottoa-stod meal (air dry). 



Solid excrement (waUf-fret) , 
Urint (dried residue) 



Containing in 100 lbs. 



Nitrogen, 
lb*. 



1.11 

7.00 

«.o» 

6,00 



Phosfehorit 
Acid. 
lb«. 



.SO 
1.00 



Potath* 
lbs. 



1*48 
1.70 

I.*7 

3.05 



The solid excrement and urine were collected for five days. In 
the next table can be seen the weights of food fed and of material 
excreted, with the quantities of nitrogen, phosphoric acid and potash 
fed and excreted. 



Table Showing Amounts of Food Given, and of Excrement Col* 
lected for flve dats, with th8 quantities of valuable in- 
GREDIENTS Fed and Excreted, 



Timothy hay, 30Q0 grams fed '. 

Cotton-seed meal, 1000 grams fed . . 

Total in food 

Solid excremoBt «.<»... 

ftrin* 

Total excreted 

Quantity fed and and not excreted . 
Per cent exoreted 






(J rams. 
3000* 
1000 



4502 
2235 
6737 



*Sa 



Grams. 



1289 
1271 



Containing 



Nitro- 
gen. 



Grams. 
33.0 
70.0 



103.6 
26.8 
83.0 

110.7 



Phos- 
phoric 
Acid. 



Grams 
10.8 
29.6 



40.4 
37.4 



106.8 



37 4 

3.0 

92.6 



Potash. 

Grams. 
44.4 
17.6 



62.0 
30.5 
26.1 
56.6 
5.4 
91.3 



The total excrement was in this case found to contain a little more 
nitrogen than the food, which was undoubtedly due to the fact that 
the animal lost flesh during his confinement. 
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Third Period. The percentage* of nitroge n, phosphoric acid and 
potash in the h*y and corn meal fed in this period, and in the 
material excreted, are as follow* : 

Table Showing. Partial Composition of Hat and Cork Meal, 
and of Manure Residue from the Same. 



Timothy hftj 
Corn moal .. . , 



Solid excrement (waWr-freo) . 
Urine (dried residue)., .. % .. 



• %% •»»• * 



Containing in 100 lbs. 



Nitrogen, 
lbs. 



1.09 
1.&0 

1.70 
3.04 



Pboaphoro 
Aoid. 
lbs. 



.29 
.40 

1.03 



Potash. 
Ik*. 



1.26 

1.33 
M0 



In this period the solid excrement and urine were collected for 
four days only. 

The weights of food and of solid and liquid exrements are given 
below, together with the quantities of nitrogen, phosphoric acid and 
potash which the animal received and excreted. 



Table Showing Amounts of Food Given, and of Excrement Col- 
lected for Four Days, with the Quantities of Valuable. In- 
gredients Fed and Excreted. 





i 




Containing 


• 


Hilfo* 

gen 


Phos- 
Acid. 


Potaifh. 


fu»eU»jkny, 3400 grt«a M, >... 

C«fq moal, 800 gvams fed 


S400 
§00 




Gram*. 
24.00 

It. 08 


««oe 

3.02 


90 24 
9 50 






Total in food 


36.08 
16.46 
18.36 


10.88 
9.93 


32.80 


Solid excrement 


2539 
822 


968 
604 


11.90 


Urine 


10 87 








Total ezoreted 


3361 


34.82 
1.26 
96.5 


9.93 
.95 
91.2 


22.77 


Quantity fed and not ezoreted 


10 03 


Per cent ezoreted • • 






69.1 











46 



FERTILIZER CONTROL STATION. 



During these two periods the same quantity of hay was fed daily, 
the composition being nearly the same in each period, so that the 
differences in the amounts of nitrogen, phosphoric acid and potash 
excreted in the two cases must be due to the difference in compo- 
sition of the corn meal and cotton-seed meal, of which equal quan- 
tities were also fed. In order to show plainly the great difference in 
the quantities of valuable elements of plant food contained in the 
manure in the cases compared, the weights of the nitrogen, phosphoric 
acid and potash in the food and manure for five days are placed side 
by side. 



Nitrogen 

Phosphoric Aoid 
Potash , 



Hay and Cotton-Seed Meal. 



In Food. In Manure. 

103.6 grams. 110.7 grams. 

40.4 « 37.4 «' 

62.0 " 56.6 " 



Hay and Corn Meal. * 



In Food. In Manure. 

45.10 grams. 43.53 grams. 

13.60 " 12.41 " 

32.80 " 22.77 " 



* Calculated from amount excreted for four (4) days. 

The following statements briefly summarize the facts shown by 
the above figures. 

(1) The ration of hay and cotton-seed meal contained nearly 
three times as much nitrogen, phosphoric acid and potash as the 
ration containing an equal weight of hay and corn meal. 

(2) The amounts of nitrogen, phosphoric acid and potash in the 
manure residue stand in direct relation to the amounts of the same 
ingredients in the food, the loss in the present instance averaging 
only about ten per cent. 

(3) The urine contained nearly half the potash of the total excre- 
ment, and from half to three- fourths the nitrogen, but no phosphoric 
acid, the latter being wholly in the solid excrement. 

Experiments are now in progress to determine whether these 
manure residues have a crop-producing power that stands in direct 
relation to their composition. 
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COMPOSITION OF CATTLE FOODS. 

The Station has analyzed, during the past year, seventeen samples 
of cattle foods, including species of the true grasses, clovers, weeds 
and grains, viz : 

1 sample Blue Joint. 

2 " Timothy. 

1 " Timothy and Red Top. 

1 " Alsike clover. 

1 " White clover. 

1 " Red clover. 

1 " Witch Grass. 

1 " Buttercup. 

1* * 4 White Weed. 

4 " Corn and meal. 

1 " Corn-and-cob meal. 

1 " Cobs. 

1 " Cotton-seed meal. 

Several of the above feeding stuffs were those used in the digestion 
and feeding experiments. 

Explanations. The analysis of any plant or animal substance with 
reference to its use as a cattle food does not go so far as to determine 
the percentage of every single ingredient in the material analyzed, 
but only aims to learn the percentages of certain classes of compounds, 
the members of each class having a close resemblance in composition 
and in nutritive effect. Thus we have in all fodder tables several 
columns of figures headed by the following terms : Water, Ash, Pro- 
tein, Crude Fiber, Nitrogen-free Extractive Matter, and Fats. As 
these terms are in constant use, not only in this report but in all 
agricultural literature, they are made the subject of such explanations 
as seem necessary in order to show their relation to animal nutrition. 

The water or moisture of cattle foods, of which all contain more 
or less, is measured by the loss of weight which takes place when the 
substance is dried for some time at the temperature of boiling water, 
or 212° Fahrenheit. The percentage of water is very large in green 
crops, and comparatively small in all dried materials. In all feeding 
stuffs which exist in the air-dry condition, the percentage of moisture 
varies greatly according to the state of the atmosphere, so that in 
rainy or moist weather a given quantity of hay or grain that is at all 
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exposed to the air will weigh considerable more than during a time 
of dryness. Freshly cured hay and newly harvested grain contain 
much more water than old hay and grain, the difference being an 
important consideration in buying or selling by weighs While the 
water in cattle foods has no nutritive value above water that an 
animal drinks, its presence or absence often has a marked influence 
upon the palatableness of feeding stuffs. 

The ash, or mineral part of any food stuff, is that which is left 
after the combustible portion is burned away, and includes quite a 
number of compounds. The amount of ash in plants is influenced in 
a marked manner by their age, and conditions of growth, such as 
locality, kind of manuring, &c. The mineral compounds of cattle 
foods fill an important place in furnishing the material for building 
up the bony framework of the animal. 

Protein (or albuminoids) is a collective term that includes quite 
a variety of compounds, which are distinguished from the members of 
the other important classes of substances in feeding stuffs by the 
fact that they contain nitrogen. 

Such compounds as egg albumen, the muscular tissue of animals 
and the caseine of milk are albuminoids, and to these animal sub- 
stances the albuminoids of plants bear a close resemblance both in 
chemical properties and in food value. The protein of feeding 
stuffs cannot be directly determined with accuracy. The estimation 
is an indirect one, and is based upon the fact that all albuminoids 
contain approximately 16 per cent of nitrogen. If, therefore, the 
percentage of nitrogen in any feeding stuff be multiplied by 6.25, 
the percentage of albuminoids is obtained with sufficient accuracy 
for all practical purposes. The important and peculiar office which 
albuminoids fill in serving the uses of the animal kingdom is that 
they constitute the only source of material for the formation of 
muscular tissue, hair, horn, caseine, etc., etc. 

Plants contain other nitrogenous compounds called amides that 
occur most abundantly in fodder and root crops, the amount varying 
in the former at different periods of growth, while in the grains the 
nitrogen exists almost wholly in the form of albuminoids. Fodder 
tables generally give as the percentage of protein the product of the 
total percentage of nitrogen by 6.25. 

A given amount of protein as stated for hay in tables of fodder 
analyses is not quite the same thing, therefore, as the same amount 
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pccuring in tbe grains, because in the former case much more of the 
' nitrogen belongs to the non-albuminoid, or amide, form. 

The true value of amides in animal nutrition is not well defined. 
That they are wholly like albuminoids in office seems hardly probable, 
at least previous investigations do not show this. 

Claude fiber is the wood}' part of plants, and is that which remains 
undissolved after treating vegetable substance with weak acids and 
alkalies. Paper and cotton fiber are good examples of nearly pure 
crude fiber. 

The nitrogen-free extractive matter includes all the non-nitrogenous 
compounds of feeding stuffs, excepting crude fiber and the fats, the 
most important and abundant members of this class being starch and 
sugar. 

The fats or vegetable oils are extracted from plant substance by 
ether, which also takes out more or less chlorophyl, wax, etc., 
especially in the case of hays and coarse fodders. Olive, linseed 
and cotton-seed oils are good examples of vegetable fats. 

The starch, sugar and fats can play no part in the formation of 
flesh or the caseine of milk, but are alike in being a source of animal 
fat and heat. 

Digestibility of feeding stuffs. The composition alone of any 
feeding stuff is a very imperfect standard by which to judge its food 
value. Of the food consumed by an animal, only that portion which 
is digested, *. e. that which is dissolved by the several digestive fluids 
and passes into the biood, can serve to maintain the vital functions, 
or to produce growth. Consequently, certain cattle foods, by being 
much more digestible than others, are much more completely 
utilized. The main facts pertaining to digestibility are presented 
farther on under the head of fc * Digestion Experiments," and the 
method of applying a knowledge of the composition and digestibility 
of feeding stuffs is shown in discussing the feeding experiments. 

Description of the Feeding Stuffs Analyzed. 

The samples of Alsike Clover (II), Red Clover (IV), Timothy 
(V), and Witch Grass (VI) were taken from a field, where they were 
found growing near together, on July 13th, 1885. All the varieties 
had reached a condition of growth favorable for cutting, being in 
bloom, or very near it. 

The White Clover (III) was a second growth taken from the 
College Campus, in full bloom. 
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The Blue Joint (I) was of very rank growth in a rich swale, cut 
July 13th, 1886. . 

The Buttercup (VII) and the White Weed (VIII) were cut when 
just past the period of full bloom. 

Nos. XIV and XV belonged to the hay crop of 1884, and were 
taken from two lots of well-cured hay. 

Nos. XVI and XVII were from the same general lot of meal 
ground from western corn. 

No. XVIII was sampled from a lot of old-process, decorticated 
cotton-seed meal. 

Nos. XIX, XX, XXI and XXII were from a fine lot of Flint 
* corn grown in Orono. 
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Notes on the above analyses. (1) The large percentage of crude 
fiber in the Blue Joint is noteworthy. (2) The Alsike and Red 
clovers differ very little in composition. (3) So far as mere analysis 
can show the relative value of feeding stuffs, the Timothy seems to 
be inferior to both the Witch Grass and Blue Joint. (4) The 
Buttercup and White Weed do not appear to be inferior in composi- 
tion to some of the grasses. (5) Analysis indicates no superiority 
of Maine-raised corn over western corn in the present instance. 

Special Cattle Foods. 

A class of cattle foods are offered for sale in our markets to a 
limited extent, for which special nutritive, stimulative, or medicinal 
properties are claimed, and which are sold at prices that range much 
above the market prices of ordinary cattle foods. Three foods of 
this character have been examined by the Station, with results that 
are deemed worthy of attention. 

XII. Imperial Egg Food, cost 50 cents per pound. 

X. Johnson's Continental Food, manufactured by H. S. Johnson, 
Lynn, Mass., cost 75 cents for one bag of 10 pounds. 

XI. English Patent Food Company, Bangor, Me., cost $1.00 
for one bag of 12 pounds. 

Imperial Egg Food. 

A partial analysis was made of this, as follows : 

Per Cent. 
Moisture and organic matter 16.05 

Mineral matter 83.95 

Nitrogen 1.00 

Equal to 6 25 per cent of protein. 

Carbonic acid 24.00 

Equal to 55.6 per cent of oarbonate of lime. 

Phosphoric acid 3.75 

Equal to 14 to 17 per cent of bone. 

The pepper in the food furnishes a portion of the organic matter 
present; and analysis and examination with the microscope show 
that the mineral portion consists very largely of clam and oyster 
shells (the carbonate of lime) and bone or other phosphatic material, 
substances, the former of which can be bought for a fraction of a 
cent per pound, and the latter at less than two cents. 
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•' The food undoubtedly contains material that poultry men wisely 
feed to laying hens, but there seems to be no good reason why it 
should cost more than a small fraction of fifty cents per pound, or 
why it should be purchased in pound packages, as though it were 
especially valuable, when it is a mixture of ordinary, cheap sub- 
stances. 

X. Continental Food. XI. English Patent Food. 

The Station analyses of these foods are given below, and also the 
average composition of wheat bran, for comparison : 

Continental Eng. Patent Wheat 
Food. Food. Bras. 

Water 11.78 10.36 12.04 

Ash 3.86 2.69 5.83 

Protein 14.62 13.50 14.54 

CrudeFiber 4.83 3.02 8.79 

Other Carbohydrates 60.95 67.23 55.16 

Fats 3.96 3.30 3.66 

No. X has a composition agreeing closely with the average com- 
position of wheat bran, and wheat middlings as well, and a mechani- 
cal examination shows that the food is undoubtedly wheat bran with 
possibly some middlings. 

No. XI appears to be made up of middlings and corn meal, 
largely middlings, and the analysis shows a composition such as 
would be expected from this mixture. Both foods contain some 
fenugreek, an aromatic seed which is a prominent constituent of 
condition powders ; and No. X contains a little sulphur. The foods 
have no greater nutritive value than the wheat bran, middlings and 
corn meal, from which they are made, while the small quantities of 
fenugreek and sulphur are utterly valueless to a well animal, and a 
poor reliance as a means of curing a sick one. If an animal is well 
he only needs plenty of good food, — if he is sick the wise course is to 
employ remedial agents suited to the case. 

DIGESTION EXPERIMENTS. 

The composition of American cattle foods is now quite well known. 
Very little has been done so far, however, in ascertaining the diges- 
tibility of our feeding stuffs. The analysis of a cattle food is a 
comparatively easy matter, while the determination of its digestibility 
is somewhat laborious and demands much precaution and care in the 
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execution of the necessary work. So far, American experiment 
stations have given this line of investigation very little attention, 
And we have depeuded for onr knowledge of the digestibility of the 
various classes of cattle foods upon the results worked out by German 
experiment stations. 

For some kinds of feeding staffs, as for instance the grains, the 
German Ggures are most probably practically the same as would be 
obtained in this country, while the hays and similar foods may be so 
affected in composition by the influence of climatic and other condi- 
tions of growth as to make their digestibility quite different from 
that of foreign products. The Station has made trials of the 
digestibility of two feeding stuffs, viz : Timothy ha}', and corn (maize 
kernel) in various forms. 

The main facts of digestion, and those upon which the methods 
of digestion experiments are based, are the following : A portion of 
the food which an animal eats is dissolved by the several digestive 
fluids with which it comes in contact, viz : the saliva, gastric juice, 
pancreatic juice, etc. That which is dissolved, or digested, is 
absorbed by certain vessels which are distributed over the lining of 
the stomach and intestines, passes into the blood, and is then used 
to maintain and build up the animal body. The undissolved or 
undigested portion of the food is carried along the alimentary canal, 
passes from the body as the solid excrement or dung, and con- 
stitutes that part of the food which is useless for the purposes of 
nutrition. The method of ascertaining the digestibility of any 
cattle food is simple in principle. An animal is fed a weighed 
quantity of food, of which the composition is determined by analysis. 
The solid excrement is collected, weighed and analyzed, and the 
amount digested is the difference between that which is fed and that 
which is excreted. As the process of digestion is slow, it is neces- 
sary to feed the animal on the weighed ration several days before 
^collecting any excrement, in order I hat the contents of the intestines 
may become wholly freed from the residue of the previous food, so 
that the dung collected shall come wholly from the food tested. On 
account of the irregularity with which dung is voided, it is collected 
for several days, and from the total amount the average for one day 
is calculated. 
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Digestibility of Timothy Hay. 

The feeding trials, which have furnished the data for calculating 
the digestibility of Timothy hay, were not undertaken as digestion 
experiments merely, otherwise the plan followed would have been 
somewhat different. 

The original purpose of the trials was to obtain the results 
previously mentioned under the head of "The Value of the Manure 
Residue from Corn-Meal and Cotton-Seed Meal." In these experi- 
ments the Timothy hay was fed in connection with corn meal and 
cotton-seed meal, and the digestibility of the hay is calculated by 
assuming for the corn meal and cotton-seed meal the average rate of 
digestibility as found by previous experiments. While this method 
admits of a larger possible error than if the hay had been fed alone, 
the variations in the digestibility of corn meal and cotton-seed meal 
as determined by different experiments have been small and are nofc 
sufficient to seriously affect the accurac}' of the calculations. 

The animal used in the feeding trials was a full-grown wether. 
He was placed in a stall that allowed him sufficient freedom of 
motion, but so narrow that he could not turn around. His rations 
were given to him in a feeding box so arranged that no waste could 
occur. He was fed during three periods, the first two periods 
Occupying twelve days each, and the third eleven days. The dung 
was collected for the last five days in Periods 1 and 2, and for the 
last four days in Period 3, being received in a rubber lined bag 
attached to the sheep by means of a harness. 

The rations fed were the following : 

T> • A i f ^00 grams Timothy hay (about 1 J pounds.) 
renoa i 1 200 fct coru nR : al ^bout 4-9 " ) 

leuoa J | 20Q kfc cotton-seed meal. 

^ . , Q ( 600 grams Timothv hay, mixed with some Red Top. 
Icnocld | 200 t . coruuH ; aL 

The composition of the hay, corn meal and cotton seed meal fed 
is shown in the previous table giving the composition of certain cattle 
foods. 
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The composition of the water-free dung was found to be as 
follows : 
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We now have the data necessary for calculating the digestibility of 
the Timothy hay.* 



•NoTJt. The figures taken for the digestibility of corn meal are those given in 
Arnisby's Manual of Cattle Feeding, and for the cotton-seed meal they are the average 
of results obtained by Armsby and Wolff. They represent the percentages, or pounds 
in a hundred, digested of the various ingredients: 
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Tables Showing the Digestibility of Timothy Hay. 
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A summary of the results obtained shows a fairly good agreement 
between those of the three periods. 
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Tlie above figures, which are called coefficients of digestibility, rep- 
resent the amount that is digested out of each hundred pounds or 
parts of the several ingredients of the ha3\ For instance, if a hundred 
pounds of protein were fed to a sheep in Timothy hay of the kind 
used in the experiments, about forty-two pounds would be digested. 
So far as we are able to judge from the composition and digestibility 
of Timothy hay grown in Maine, it does not take a comparatively 
high rank as a stock food, Clover hay, for instauce, being better in 
composition and more digestible. 

Digestibility of Maize Kernel (Corn) in Various Forms. 

The digestibility of maize meal has been made the subject of 
inquiry in several German experiments, and each trial has given 
practically the same results. It is believed, however, that no attempt 
has ever been made to learu the effect upon digestibility of feeding the 
maize kernel whole, or of grinding it with the cobs and feeding the 
corn-and-cob meal. During the last few months, the Station has 
carried on trials of the digestibility of corn fed whole, corn meal, and 
corn-and-cob meal. The corn used in these trials was raised in 
Orono, was perfectly sound, and was a fine specimen of the Flint 
variety. It was purchased on the ear and one portion was simply 
shelled and fed whole, another portion was shelled and ground and 
fed as pure meal, and still another portion was ground with the cobs 
and fed as corn-and-cob meal. 

The animal used in these trials was a boar pig, weighing about 
fifty pounds. He was kept in a stall so narrow that he could not 
turn around, and was fed in a trough arranged so that waste was 
entirely prevented. The dung was very successfully collected in a 
rubber-lined bag attached to the animal by a close-fitting harness. 
The floor of the stall was kept brushed clean, so that if any excre- 
ment had fallen outside the bag it could easily have been seen. 

Digestibility of maize kernel fed whole. In this trial the pig was 
fed 787 grams (about one quart)* of whob corn daily, in three equal 
portions. The weighed ration was fed for twelve days, the dung 
being collected during the last five. The total weight of dung col- 
lected during five days was 1557 grams, containing 35.54 per cent 
or 553.4 grams of water- free substance, which would be at the rate 
of 110.7 grams of water-free dung dairy. 

*Uno quart equal* 704 grams, but through an error of calculation 787 grams wort 
tekon iu«toad. 
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The composition of the corn fed can be seen in the previous table 
giving the analysis of certain feeding stuffs, No. XIX. 

Of the 553.4 grams of water-free dung, 104.3 grams consisted of 
kernels that were not broken, this being about three and one- third 
per cent of the whole quantity of kernels fed. Still more of the 
kernels were only partially crushed. Below is given the composition 
of the unbroken kernels in the dung and of the dung after the whole 
kernels were taken out : 
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By comparing the composition of the whole kernels that passed 
through the animal with the composition of the corn as it was fed, 
it can be seen that the unbroken corn suffered very little change, the 
digestive fluids having little or no effect upon it. 

From the data already given, the digestibility of the whole-fed 
corn is calculated : 

Period 1 — Whole Corn. 



Fed, 787 grams whole oorn 

Excreted, 311.4 grams dung, 

Digested 

Per eent digested from whole 
oorn 
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632.7 


621.7 


62.3 


14. 


512.0 


110.7 


103. 3 


19.5 


8.6 


57.0 


522.0 


518.4 


42.8 


5.4 


455.0 


82.5 


83.4 


68.7 


38.3 


88.8 



Grams 
33.4 

18.2 

15.2 

45.6 



Digestibility of corn meal. The same amount of corn meal was 
ifed in this period as of whole corn in Period 1, viz : 787 grams daily, 
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the times of feeding and collection of dung being the same also. 
The dung collected during the five days weighed when fresh 1,136 
grams, containing 29. 75 per cent or 338 grams of water-free substance. 
The average amount of water-free dung excreted daily was, therefore, 
67.5 grams. The analysis of the meal fed is given in the table to 
which reference has been made, — sample No. XX. The following is 
the composition of the water-free dung for this period : 
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Water-free dung from corn meal.... 


17.67 


13.44 


15.41 


44.57 


8.91 



The figures for the digestibility of the corn meal follow : 
Period 2 — Corn Meal. 
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Fed, 7S7 grams corn meal. . . 


Grams. 
643.2 


Grams. 
632. 


Grams. 
64.9 
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14.6 


Grams. 
519.6 


Grains 
32.7 


Excreted, 227.2 grams dung, 


67.5 


55.7 


9.0 


10.3 


30. 


6.0 


Digested 


575.7 


576.3 


55.9 


4.3 


489.6 


26.7 


Per cent digested from corn 
meal 


80.5 


91.2 


86.1 


29.4 


94.2 


81.7 


Arerage of all German trials 
with pig 


- 


92. 


86. 


40. 


95. 


76. ' 







It is gratifying to note that the results of the Station trial agree 
yery closely with similar results obtained from German experiments. 

Digestibility of corn-and-eob meal. The amount of corn-and-cob 
meal fed daily in this period was 969 grams or a quantity very nearly 
equivalent to 787 grams of the kernel when accompanied by the 
cobs. The animal was fed for twelve days, and the excrement was 
collected for the last five days, as in the two preceding periods. The 
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total fresh dung collected in the five days was 3,727 grams, contain* 
ing 27.G9 per cent, or 1032 grams of water-free substance, the 
average daily excretion of water-free dung being 206.4 grams, with 
the composition shown below : 
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Water-free dung from eorn-abd-eob meal 


6.77 


8.92 


31.38 


49.74 


3.19 



The composition of the com-and-cob meal has already been given, 
No. XXII, in the table of analyses of feeding stuffs. 



Period 3 — Corn-and-cob Meal. 
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Fed, 969 grams corn-and-cob 
meal ••••••. 


Grams 
36.7 


Excreted, 745.4 grams dang. 

Digested 

Per cent digested from corn- 
And -cob meal 


6.6 
30.1 

82. 







A comparison can now be made between the amounts of digestible 
matter obtained from corn when fed in the three forms mentioned. 

Tlie effect of grinding corn upon its digestibility. The effect in the 
present instance can be seen easily by placing side by side the figures 
showing the digestibility of the whole corn and of the corn meal. 



. DIGESTION EXPERIMENTS. <& 

*8 *-i -I 

5£ 55 OS'S 

Organic matter 83.4 91.2 7.8 

Protein 68.7 86.1 17.4 

Crude fiber 38.3 29.4 

Nitrogen-free extractive matter 88.8 94.2 5.4 

Fats 45.6 81.7 36.1 

Of the total organic matter in tbe corn, nearly eight pounds more 
in a hundred were digested from the corn meal than from the whole 
corn, while with the protein, or albuminoid material, the difference 
was still greater, being 17.4 pounds in a hundred, or about one-sixth 
the protein fed. The difference in the digestibility of the nitrogen- 
free extractive matter (mostly starch and sugar) was much less. 
Granting that further trials prove these figures t6 be correct, it is 
shown that in feeding a bushel of corn without grinding, about 4J 
pounds more of organic matter, or approximately five pounds more 
of tbe kernel, would be wasted in the excrement than in feeding the 
same weight of meal. 

The effect of feeding the cobs upon the amount of digestible matter. 
It has been claimed by many that there is considerable advantage in 
feeding corn cobs ground with the kernel, the reason for this being 
that the presence of the ground cobs produces a mechanical condition 
more favorable to digestion. It is seen, however, that corn meal fed 
without the cobs has so high a rate of digestibility that there is very 
little chance for any increase. There seems to be no reasou, never- 
theless, why the cobs should not be digested to some extent, and if so, 
corn-and-cob meal would furnish somewhat more of digestible ma- 
terial than meal from the kernel alone. Some information on this 
point can be obtained from the trials of the digestibility of corn meal, 
and corn-and-cob meal. 

When the corn was shelled it was found that thirteen (13) pounds 
of cobs accompanied fifty-six (56) pounds of kernels. Samples of 
the kernels and cobs were taken for analysis at the time of shelling, 
and the amount of dry substance in each was determined. Fifty-six 
pounds of kernels contained forty- five (45) pounds of dry matter, 
and thirteen (13) pounds of cobs contained 10.2 pounds. 
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The dry matter of the corn-and-cob meal would be divided, there- 
fore, between the kernels and the cobs in the ratio of 45 to 10.2. 

Having these data, and knowing the digestibility of both the corn 
meal and the corn-and-cob meal, it is possible to calculate the 
increase of digestible matter from feeding the cobs. In the trial 
with corn-and-cob meal 846.9 grams of water-free substance were 
fed daily, 81.52 per cent of which came from the kernel. 
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Digested from the corn-and-cob meal.. 


635.9 


57.3 


25.8 


522.9 


30.1 


Digested from the kernols alone 


618.5 


69.4 


4.6 


625.3 


28.7 


Difference when cobs were fed .. 


17.4 


-2.1 


21.2 


-2.4 


1.4 



The cobs furnished 156.5 grams of organic matter to the daily 
ration, and the increase of organic matter digested when the cobs 
were fed was 17.4 grams. It appears from this that eleven per cent, 
or about one-ninth of the organic matter of the cobs, was digested. 
It also appears from the above figures that this increase of digestible 
matter falls almost entirely upon the crude fiber of the cobs, material 
that probably has the least value of any of the prominent ingredients 
of feeding stuffs. 
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EXPERIMENT IN FEEDING COTTON-SEED MEAL 
FOR MILK AND BUTTER PRODUCTION. 

In this experiment the main question asked was the following : In 
feeding for milk or butter production, is it profitable to add some 
cotton-seed meal to the ration ; *s a .substitute for a portion of the 
corn meal? 

Result cf the £*perUnent : Under the conditions involved in the 
experiment, the substitution of cotton-seed meal for an equal quantity 
of the corn meal unmistakably increased the production of milk and 
butter to a profitable extent. 

The experiment was conducted with three thoroughbred Jersey 
cows:* 

JBelle of West Meadow, age 11 yrs, calved July 22d, 1885. 
Helen Hart, " 9 " " Aug. 5th, " 

Juno, " 11 " 4 « " 23d, " 

These cows were fed on the experimental rations during three 
periods of four weeks each, the first period beginning Dec. 15th. 

During each period all the cows were fed alike, and the rations 
were the following : 

18 pounds hay, mostly Timothy. 
First Period «| 3 tfc corn meal. 

cotton-seed meal. 



i 18 

Is 

Second Period J 18pou«^. hay, »o«tly Timothy. 
I o 4fc corn meal. 

X 18 pounds bay, mostly Timothy. 
Third Period •< 3 " corn meal. 

(2 " cotton-seed meal. 

As can be .seen, the nations tor the firat and third period* wete 
alike. The hay ,wa* the targe w quantity and quality throughout. 
The facts recorded during the experiment were, 

(1) The weight of the cows at the beginning and end of the 
periods. 

(2) The weights of the milk of each cow at each milking. 

•Note. These cows became affected with tuberculosis and were finally killed, but at 
the time of the experiment the disease had not made sufficient progress to influence 
either the production or composition of the milk, except that tho quality of the butter 
from Helen's milk was not good during the last period. 

5 
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(3) The percentage of cream from each cow in each milking. 

(4) The percentages of solids and fat in the milk of each cow in 
each milking. 

(5) The total weight of butter from the milk of each cow. 

The records of weights and composition of milk, percentages of 
cream and weights of batter, were only kept daring the last two 
weeks of each period, the feeding for the first two weeks being 
necessary in order to bring the flow of milk fully under the influence 
of the new ration. 

In the various tables which follow an effort has been made to 
arrange the data obtained so as to show as plainly as possible the 
results of the experiment. 

(1) Composition of milk. The first table shows the average com- 
position of the milk of each cow during two weeks of each period. 
There was contained in 100 pounds of milk : 





Belle. 


Helen. 


Juno. 




Solids, 
lbs. 


Fat. 
lbs. 


Solids, 
lbs. 


Fat. 
lbs. 


Solids, 
lbs. 


Fat. 
lbs. 


First Period. 


14.51 
15.62 
15.11 


5.24 
5.84 
5.61 


13.77 
13.88 
14.89 


4.63 
4.68 
5.20 


14.36 
14.48 
15.35 


4.81 


Second Period 


4.94 


Third Period 


5. 42 







The percentages of solids and also of fat gradually increased 
during each period, with a single exception in the case of Belle, a 
result to be expected even with uniform feeding. It is generally, 
if not always true, that a cow's milk becomes more concentrated as 
the time from the date of calving lengthens. 

(2) Production. The next tables show the weight of milk yielded 
by each cow during two weeks of each period, the total amounts of 
solids and fat that the milk contained, and the weight of unsalted 
butter churned from the fourteen days' milk of each cow. 
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Belle (Yield for 14 days.) 
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First Period. ■■■ - *«« . 


1944 

I43j 


28.10 
22.38 


l«.L8 
8.37 




Second Period ♦.,..., 


2.19 lbs. less butter than 1st Period. 


Third Period 


1G24 24.52 


9*10 


9.81 


1.31 lbs. more batter than 2d Period. 
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r (Yield for 14 days.) 
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221J 
168} 
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30.50 
23.44 
22.52 




Seeond Period 

Third Period 


2.89 lbs. less batter than 1st Period. 
.06 lbs. more batter than 2d Period. 





Juno 


(Yield for 14 days.) 
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First Period..... .... 


271} 

181J 
184| 


38.93 
26.33 
28.36 




Seeond Period 

Third Period 


5.56 lbs. less batter than 1st Period. 
1.88 lbs. more batter than 2d Period. 



In studying the figures of the above tables it should be remembered 
that there was a tendency, even with uniform feeding, for the flow of 
milk to gradually diminish. The marked decrease in yield in the 
case of all the cows in passing from the first to the second period, or 
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from a mixture of c o tt — § e c d meal and -oaro meal to corn meal 
atane, can be partly accoti n te d for by this fact, but not wholly. 
When in the third period the cows returned to a ration similar to that 
of the first period, or one containing cottonseed ileal, not only was 
the tendency to diminished flow of ml¥k overcome., but the yield was 
increased above that of the second period, except in the case of 
Helen, where the yield for the second and tbird periods differed bat 
very little. The decrease in butter production in passing from the 
first to the second period was 2.19 pounds, 2.89 pounds, and 5. .56 
pounds for Belle, Helen and Juno respectively, and the increase in 
passing to the third period was, m the same order, 1.81 pounds .06 
pounds and 1.88 pounds. The average yield for the first and tbtrd 
periods exceeded the yield for the second period as follows : Belle, 
2.25 pounds butter ; Helen, 1.47 pounds batter; Juno, 3.72 pounds 
butter. The total increase of expense caused by feeding cotton-seed 
meal was about 5.6 cents for fourteen day*, leaving a balance in 
favor of the cotton-seed meal of #0^50, $0.81 and $0.87 for the three 
cows respectively during fourteen «daya, reckoning the butter to be 
worth 25 cents a pound. 

The weights of milk produced by the cows in the different periods, 
as seen in the above tables, are deceptive as showing the relative 
effect of the two rations, simply because the milt varied in com- 
position, so that a pound of milk taken in the last period, for instance, 
was not the same as a pound of milk in the first period. In order to 
make a proper comparison it is necessary to calculate what the yield 
of milk would have been with a uniform composition. If the milk 
had uniformly contained twelve per cent ©f solids, and the yield of 
solid matter had been what it actually was, the comparative produc- 
tion would have been as follows : 





Bel*. 
Ite. 


Helen. 
Hm. 


Juno, 
ibt. 


First Period •.. ••» .- 


235 
186 


254 
195 
188 


325 


Second Period ..-.. ........ 

Third Period , .... 


220 
23ft 







(3) Weights qf eom. The cows were weighed two days in suc- 
cession at the beginning of the first period, and *t the end of all the 
periods. With the exception of Juno, the weights varied but little, not 
more, or even as much as might be caused by changes in the contents 
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of the stomach and intestines. The weights of the cows (average 
of two weighings) as given below do not show that the changes in 
yield of milk bore any definite relation to the changes in the weights 
of the animals* 





Weights of Cows. 




First Period. 
Beginning. End. 


Second Period. 
End. 


Third Period. 
End. 


Belie ..♦ 


925 lb*. 93d lbs. 
955 •» 923 •♦ 
935 '< 858 " 


931 lbs. 
913* « 
928 « 


918 lbs* 


Helen . 


918 " 


JttftO •• .......... 


911 " 







(4) Relation of quantity of butter to actual quantity of fat in milk. 
It has often been loosely asserted that the quantity of fat in a cow's 
milk as determined by chemical analysis is not a safe standard by 
which to judge the capacity of the cow for batter making, or in 
other words, that "the analysis of the churn" bears no direct relation 
to the chemist's analysis. Reference to the figures given to the 
previous tables shows, however, that in the case of the cows used, 
at least, the quality of butter churned bears a very direct relation to 
the actual quantity of fat in the milk. 

(5) The percentage of cream as a test of quality. The following 
table shows that the percentage of cream rises and falls with the 
increase and decrease of the percentage of fat, taking an average for 
fourteen days, but not in the same proportion. In other words, there 
is not a close relation between the percentage of cream and the 
percentage of fat. This relation varies with different cows, and 
also with the same cow in different periods. The greatest variation 
is about 15 per cent ; or it takes one-sixth more in volume of cream 
in one case than it does in another to represent the same amount of 
fat. 
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24.51 
29.68 
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607 
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4.63 
4.68 
6.20 


22.79 
23.92 
27.46 


492 
611 
624 


4.81 
4.94 
6.42 


22.96 
22.47 
25.28 


477 


Second Period ••••••••••.. 


466 


Third Period •• •••• . . 


466 








474 


609 
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In the case of single milkings the variation in the relation of fat 
and cream volume was still greater, being as much as 25 per cent in 
some instances. In comparing the weights of butter and volumes 
of cream the same lack of uniformity in relation is seen. 

Taking the weights of milk yielded to represent volumes, multiply- 
ing these volumes by the volume percentages of cream, and dividing 
the results thus obtained by the weights of butter made, we have 
the relation of butter and cream in the several cases as shown in the 
table below. The figures are fairly accurate as a means of com- 
parison : 



First Period.. 
Second Period 
Third Period. 



Volumes of Cream Required for 
1 Pound of Butter. 



Belle. 



4.45 
6.00 
4.25 



Helen. 



4.74 
6.21 
6.31 



Juno. 



4.51 
4.96 
4.62 
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(6) Pounds of milk required for one pound of butter. The next 
table shows the pounds of milk corresponding to a pound of butter 
for each cow in each period. 





Pounds of Milk Required to 
Make One Pound of Butter. 


• 


Belle. 


Helen. 


Juno. 


First Period 


18.17 
16.85 
16.54 


20.81 
21.79 
19.37 


19.63 


Second Period .. .... •••• .••• • • •••• .... 


22.04 


Third Period 


18.24 







(7) The composition of the two rations. The reason for the 
marked difference in effect of the two rations compared in this 
experiment can be seen only by ascertaining the quantities of diges- 
tible material furnished to the animals in the two cases. The hay 
fed was mostly Timothy mixed with some Red Top, being the lot from 
which was taken the hay used in the third period of the digestion 
experiments with a sheep, previously described. 

The composition of this hay and of samples of the corn meal and 
cotton-seed meal fed was determined. Knowing the weights of the 
materials fed, and their composition and digestibility, it is a simple 
matter to calculate the quantity of digestible matter supplied to the 
animals by each ration. 

For instance, the hay contained 6.25 pounds of protein in 100 
pounds of hay, consequently in the 18 pounds of hay fed daily there 
would be 1.12 pounds of protein. The digestion experiment showed 
that 42 per cent of this protein was digestible, so that of the 1.12 
pounds fed, only .47 pounds would be available for the purposes of 
nutrition. By a similar calculation the digestible protein in five 
pounds of corn meal is found, which, added to that of the hay, gives 
the total digestible protein in a day's ration of hay and corn meal. 

Applying this method of calculation throughout, the figures of the 
following tables are obtained. 
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Digestible Matter of Periods 1 


AND 8. 
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18 pounds hay ...... ••••••••.••• 


.47 


2.86 


6.44 


.18 




.40 




2.93 


.17 




.87 


2.86 


8.37 


.85 



The important difference in the two rations is now plainly shown. 
While the total digestible material was almost exactly the same in 
both cases, the ration fed in Periods 1 and 3 furnished nearly twice 
as much digestible protein as the ration of Period 2. The latter 
ration was poor in protein, and as this constituent of cattle foods is 
the source of a large part of the solid matter of milk, the food of 
Period 2 was defective for milk production. The deficiency was 
supplied partially, at least, by the substitution of cotton-seed meal 
for a portion of the corn meal, the former containing a verj T high per- 
centage of protein. If the hay fed had been clover instead of Timothy 
mostly, the deficiency in protein would not have been so great with 
. the corn meal alone, and there is good reason for supposing that the 
presence of cotton-seed meal in the ration would not have produced 
so marked an effect. The indiscriminate use of a highly nitrogenous 
feeding stuff, such as cotton-seed meal, is not likely to result as 
favorably in all cases as in this experiment. 
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EXPERIMENT IN FEEDING STEERS FOR 
GROWTH. 

This experiment involved a comparison between hay combined with 
corn meal, and straw combined with a mixture of corn meal and cotton- 
seed meal, ad food for growing steers. 

Result of the experiment. The steers fed oat straw and a mixture 
of corn meal and cotton-seed meal made the cheaper growth. 

One pair of yearlings and one pair of two-year-old steers were 
used in the experiment. They were all thrifty animals, and were 
well matched in size and form. Two steers, one from each pair, or 
one yearling, and one two-year-old, were fed the same kind of ration. 
The daily rations were in kind and quantity as follows : 

Steer I vearlini? { 12 P ounds ha ^ 
steer I, \earnng, j 3 „ corn meaJ „ 

Steer 2 two-vear-old i U pounds hay. 
fcteer 2, two-year-old, j 4 4 . corn meal. 

(12p 



12 pounds oat straw. 
Steer 4, yearling, -J 1J " corn meal. 

cotton-seed meal. 



(16 pounds oat straw. 
Steer 3, two-year-old, -J 2 " corn meal. 

(2 " cotton-seed meal. 

The hay contained no clover, but was a mixture of Timothy and 
Red Top. The oat straw was of good quality. 

Below can be seen the weights of the steers and the beginning and 
end of the experiment, the figures given being the average of several 
daily weighings. 

Steer 1. Steer 2. Steer 3.' Steer 4. 

Weight Jan. 6th, 7th, 8th and 9th 627 J 845 860 701 £ 

Weight May 17th and 19th... 751$ 1007 984J 815 

Gain in 132 days 124 162 124$ 113 

In estimating the financial results from the two methods of feed- 
ing, the following prices have been used in computing the cost of 
the food : 

Hay $14.00 per ton. 

Oat straw 6.00 kC u 

♦One quart of meal weighs 1| pounds. 
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Corn meal $22.00 per ton (65 cents for 50 lbs.) 

Cotton-seed meal.. 30.00 " " 

The prices of these materials would vary with the locality, of 
coarse. 

A summary of the results of the experiment follows : 

SlKKBI 1 AMD 2. &TKKB8 S AMD 4. 

Straw, Corn Meal and 
Hay and Corn Meal. Cotton-Seed Meal. 

Length of time (days) 132 132 

Weight of hay eaten 3696 lbs. 

Weight of oat straw eaten 3696 lbs. 

Weight of corn meal eaten 924 u 462 " 

Weightof cotton-seed meal eaten, 462 " 

Cost of food $36.03 823.10 

Total gain 286 lbs. 238 lbs. 

Cost for each pound of gain. . . 12.6 cents. 9.7 cents. 

The gain of the two steers eating hay and corn meal was 48 lbs. 
more than that of the other pair, but owing to the much greater 
cost of the food in the former case, the gain of the latter was more 
economical, the expense being 2.9 cents less for each pound of 
increase in weight. 

This difference in cost of growth is due to the difference in the 
rations fed, provided the two lots of steers would have made the 
same gain on the same feed. There is no proof that this would 
have been the case, and the results of this trial should receive cor- 
roboration from further experiments before being accepted as point- 
ing to a correct conclusion. 

It will not be amiss, however, to inquire into the essential differ- 
ences in the kind and quantity of nutritive ingredients that the two 
rations furnished. 

The materials fed were not analyzed, but they would not be found 
to differ essentially from the average composition of similar cattle 
foods, as determined by American analyses. 
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Containing in 100 Parte. 
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Corn meal... .... 

Cotton-seed meal. 



13.46 
10.11 
15.03 
8.33 



4.99 
4.72 
1.45 
7.25 



6.66 

. 3.35 

9.09 

42.06 



28.69 

42.78 

1.85 

5.69 



44.91 
36.97 
68.86 
23.43 



2.10 

2.07 

3.72 

13.24 



The digestibility of these feeding stuffs is assumed to be that 
found by German experiments, except in the case of the cotton-seed 
meal, where the average of Armsby and Wolff's determinations are 
used. 
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The figures showing the pounds of digestible matter which the 
rations furnished to each steer are given in the next table, the method 
of calculation being the same as that explained in discussing the 
previous experiment. 
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Pounds of Digestible Matter per 
day sod per head. 



! 



to 
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Btesr 1— TesrUnf 

Steer 2— Two-jear-old 
84—r I— T w o-yew-ol d 
fts*f 4~Ye*rUsf .... 



.62 
.83 

.82 



1.86 
2.48 
4.W 



6.00 
6.67 
4.13 
3.15 



.19 
.26 
.42 
.13 



The real difference in the two rations It seen to be that the 
ration of straw, corn meal and cotton-seed meal furnished to steer* 
3 and 4 a little more digestible protein and fat and less diges- 
tible crude fiber and nitrogen-free-extraciive matter than the ration 
of hay and corn meal furnished to steers 1 and 2. This difference 
was not great, however. 



COMMENTS UPON THE RELATIVE VALUE OP CATTLE FOODS, AND THE 
COMPOUNDING OP RATIONS. 

Attempts have been made at various times to express the value of 
one cattle food in terms of another. Tables have been published 
showing that one pound of corn meal is equal to a certain nuinberjof 
pounds of hay, or of oats, or of wheat bran. 

Such comparisons are of little service in the practice of cattle feed- 
ing. No constant value can be assigned to a cattle food as repre- 
senting what it will accomplish under any or all circumstances. The 
profits from the use of any feeding stuff depend upon the conditions 
under which it is fed, such as the accompanying food, and the kind 
and purpose of the animal. Some recent experiments, including the 
one by this Station in feeding corn meal and cotton-seed meal for 
milk production, have given results that seem to illustrate this truth. 
Dr. Armsby has conducted two sets of experiments at the Agricultural 
Experiment Station connected with the Wisconsin State University, 
having for their object the determination of the relative value of oil 
meal as compared with corn meal in a ration for milch cows, which 
seem likely to prove of great value in showing certain limitations in 
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feeding. Id 1885 the poorest ration fed to oaeh «oo*r consisted of 
15| pounds of plover bay and 9 1*>-H> pounds of corn meal daily, 
while in 18&6 the poorest ration was made wp of 8 J pounds clover 
ensilage, 17} founds mixed hay, 5 pounds wheat hraa, and 7 pounds 
of core meal. In practice, this would he considered liberal feeding. 
Dr. Armsby found no *vide«oe In the results of the two ^xperimenJbs 
that the substitution of oil meal lor an equal quantity of corn meal 
in the above rations, ox that the addition of oil meal to these rations, 
made production any cheaper, or wen caused an iaoeeaae in the 
yield of milk. 

In the Station experiment, when only corn meal was fed for grain, 
the ration was 18 pounds of Timothy hay and 5 pounds of corn meal. 
The substitution of two pounds of cotton-seed meal for two pounds 
of corn meal in this case had a marked effect in increasing produc- 
tion. Why does the outcome of the Station experiment stand in 
seeming opposition to the results of Dr. Armsby's experiments? 
Simply because the conditions were different in the two cases. 

Cotton-seed meal and oil meal are highly nitrogenous foods, and 
are especially adapted to supplying protein to a ration. On the other 
hand, corn meal is not highly nitrogenous, and if cotton-seed meal, 
which contains over four times as mnch protein, be substituted for it, 
a change is made which is favorable to increased production whenever 
the food is deficient in digestible protein. Such was certainly the 
case with the ration of Timothy hay and corn meal in the Station ex- 
periment, and it is not difficult to see that by substituting cotton 
seed for corn meal in this case the former food was given a chance 
to show its peculiar value. In 1885 Dr. Armsby fed Clover hay, 
which is much more nitrogenous than Timothy, and with this was 
given almost ten pounds of corn meal daily, or nearly twice that fed 
in the Station experiment, altogether making a ration that practice 
would regard as sufficient to sustain an abundant flow of milk. Dr. 
Armsby used full as heavy rations in 1886, and here, as in the former 
experiment, the corn meal seemed to do all that the cotton-seed meal 
could, under the circumstances. 

Dr. Armsby's poorest ration contained not only much more digesti- 
ble protein than the Station ration of Timothy hay and corn meal, 
but more digestible matter of all kinds, and it is not to be expected 
that the additional supply of digestible protein in the form of oil 
meal or cotton-seed meal would have the same effect in the two cases. 
Granting that the conclusions toward which all these experiments so 
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stroDgly point are correct, there can be no escaping the conviction 
that there is a good chance to practice economy in compounding 
foods so as to produce a properly balanced ration, and at the same 
time give each food a chance to do its maximum work. For some 
time the theory has been taught, based upon German investigations, 
that highly nitrogenous foods like oil meal should be used in con- 
nection with feeding stuffs especially poor in nitrogen, and that in 
this way the minimum amount of food is made to do the maximum 
amount of work. It remains for the experience of investigators to 
prove this theory true or false. 



LICENSE FEES. 

The following is a list of the manufacturers of fertilizers, whose 
goods are sold in Maine, who hold unexpired licenses : 

Bradley Fertilizer Company, Boston, Mass. 

Bradley's X L Superphosphates $50 00 

B D Sea Fowl Guano 15 00 

Original Coe's Phosphate 15 00 

Bradley's Circle Brand Bone and Potash 15 00 

Jas. R. Smith & Emil A. Becker, Buffalo, N. Y. 

Buffalo Ammoniated Superphosphate 50 00 

Potato, Hop and Tobacco Phosphate .... 15 00 

Standard Fertilizer Company, Boston, Mass. 

Standard Superphosphate 50 00 

Williams, Clark & Company, New York. 

Americus Ammoniated Superphosphate 50 00 

Cumberland Bone Company, Portland. 

Cumberland Superphosphate 50 00 

Atlantic Fertilizer Company, Boston, Mass. 

Mayo Superphosphate 50 00 

Clark's Cove Guano Company, New Bedford, Mass. 

Bay State FertUizer 50 00 

Thoroughbred Farm and Garden Fertilizer . < 15 00 

Sagadahoc Fertilizer Company, Bowdoinham, Me. 

Sagadahoc Superphosphate 50 00 

Dirigo Fertilizer 15 00 

J. A. Tucker & Company, Boston, Mass. 

Bay State Superphosphate 50 00 

Red Beach Plaster Company, Calais, Me. 

Red Beach Superphosphate ... 50 00 

(79) 
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Glidden & Curtis, Boston, Mass. 

Soluble Pacific Guano $50 00 

F. S. Farrar & Company, Bangor, Me. 

Farrar's Superphosphate 50 00 

Wilkinson & Company, Ne*r York, N. Y. 

Wilkinson's Superphosphate 50 00 



Law Establishing the Maine Fertilizer Control and 
Agricultural Experiment Station. 



CHAPTER 294, PUBLIC LAWS OF 1885. 



AN ACT to establish an Agricultural Experiment Statioa. 

Be it enacted by the Senate and House of Representatives in Legie- 
ture assembled^ a* follows: 

Section 1. That for the purpose of protection from frauds in 
commercial fertilizers, and from adulterations in foods, feeds and 
seeds, and for the purpose of promoting agriculture by scientific 
investigation and experiment, the Maine Fertilizer Control and 
Agricultural Experiment Station is hereby established in connection 
with the State College of Agriculture and Mechanic Arts. 

Section 2. The direction and management of this station shall 
be committed to a board of managers, to consist of five members, 
namely : the professor of agriculture of the State College of Agri 
culture and Mechanic Arts, ex-officio; the secretary of the state 
board of agriculture, ex-officio, and three members to be appointed 
by the governor, whose terms of office shall be three years, except 
in the first appointment, one shall be designated to serve but one 
year, and one to serve two years. 

Section 3. The board of managers shall be called together by 
the secretary of the board of agriculture, at such place in this state 
us he may designate, within thirty days of the approval of this act, 
for the purpose of transacting such business as may be required to 
put the station in operation ; and thereafter the board of managers 
shall hold a meeting annually, at Augusta, on the Tuesday preced- 
ing the third Wednesday of January, for the transaction of business 
relating to the station. Other meetings may be called, on due notice, 
by the president, at such times and places as will best promote the 
objects contemplated by this act. 

(81) 
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Section 4. The board of managers shall organize by the election 
of a president, a secretary and treasurer, who shall severally hold 
their offices for one year and until their successors are elected. 
They shall locate the station herein provided for, and shall appoint 
a director, who shall have the general management and oversight of 
the analyses, investigations and experiments necessary to carry out 
the purposes named in section one of this act, and shall employ 
competent assistants to aid in prosecuting the work of the station. 
It shall, whenever public interest will be promoted thereby, publish 
by bulletin or otherwise, the results of its investigations and experi- 
ments, and shall make an annual report of its work to the governor 
and council, which shall be printed and bound with the report of the 
secretary of the board of agriculture. 

Section 5. The sum of five thousand dollars, annually, is hereby 
appropriated to the Maine Fertilizer Control and Agricultural Experi- 
ment Station, and the governor and council, from time to time, shall 
draw their warrant on the state treasurer for such sums of money 
as are necessary to defray the expenses herein provided for, not 
exceeding in any* one year the appropriation herein named, an 
account of which shall first be approved by the president and secre- 
tary of the board of managers. 

Section 6. The board of managers shall receive no compensation 
for time and services rendered, but shall be reimbursed for actual 
expenses incurred in the performances of their duties. 

Section 7. Any manufacturer, company, or person who shall 
offer, sell, or expose for sale in this state, any commercial fertilizer, 
the price of which exceeds ten dollars per ton, shall affix to every 
package, in a conspicuous place on the outside thereof, a plainly 
printed certificate, stating the number of net pounds in the package 
sold or offered for sale, the name or trade-mark under which the 
article is sold, the name of the manufacturer, and the place of 
manufacture, and a chemical analysis stating the percentage of 
nitrogen, or its equivalent in ammonia in available form, of potash 
soluble in water, and of phosphoric acid in available form, soluble 
or re veiled, as well as the total phosphoric acid. 

Section 8. The manufacturer, company, or person selling or 
offering for sale in this state, any commercial fertilizers exceeding 
ten dollars per ton in price shall, on or before the first day of April 
annually, or before offering the same for sale, procure a license from 
the board of managers, authorizing the sale of said fertilizers in the 
State, and shall pay for the same the sum of fifty dollars for, a 
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tingle brand, and fifteen dollars for eaeh additional brand offered for 
sale ; and shall furnish the secretary of the board of managers, at 
the time of their appointment, the names of all agents authorized by 
him to sell the same in this state. 

Section 9. This act shall not apply to the article known as 
porgy chum, or fish scrap, or fish waste of any kind, or bone, when 
offered for sale unmixed with other fertilizing material ; nor shall it 
apply to parties manufacturing fertilizers in quantities less than 
twenty-five tons per year, or to fertilizers in possession of dealers or 
agents at the time of approval of this act. 

Section 10. The director of the station, or any person by him 
deputized, is hereby empowered to select from three different parcels 
or packages of commercial fertilizers, taken from three different 
sections of the state, held or offered for sale in this state, quantities 
not exceeding two pounds from each package, which quantities shall 
be for analysis, the average of the several analyses shall be taken 
to compare with the certificate found on the given packages, held or 
offered for sale ; and he shall select each year, at least three samples, 
as aforesaid, from each brand held for sale, and shall secure these 
analyses at the station. The agent shall select these samples, in the 
presence of some representative of the company, from which the 
quantities are so selected, and shall deliver one-half of said samples, 
properly sealed by him, to said representative. 

Section 11. The secretary of the board of managers shall 
register, in a suitable book kept in his office, a list of all licenses 
issued, and of fees received therefor, and a list of all brands of 
fertilizers sampled; and all license fees received by the board of 
managers shall be paid into the treasury of the state. 

Section 12. Any person or party, who shall offer or expose for 
sale any commercial fertilizer, without complying with the require- 
ments of sections seven and eight of this act, or shall permit an 
analysis to be attached to any package of such fertilizer, stating that 
it contain a larger percentage of any one or more of the constituents 
named in section seven of this act than it really does contain, shall 
be fined not less than one hundred dollars nor more than three hun- 
dred dollars for the first offense, and not less than two hundred 
dollars nor more than five hundred dollars for each subsequent 
offense; and the offender shall, in all cases, also, be liable for 
damages sustained by the purchasers of said fertilizers, provided, 
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however, that the deficiency of (me per cent of nitrogen, potash, or 
phosphoric add claimed to be contained, shall not be considered as 
evidence of fraudulent intent. 

Section 13. All acts and parts of acts inconsistent with this act 
are hereby repealed. 

Section 14. This act shall take effect when approved. 

[Approved March 8, 1885.] 



INDEX. 



PAGE. 

Acid, Sulphuric, action on bone 37, 38 

Acme Superphosphate 16, 17, 27 

Americas Ammoniated Superphosphate 16, 17, 27 

Amides 48 

Ash, in cattle food, explanation of term 48 

Ashes, action of on bone 37, 38 

" cost of ingredients 34,35 

" damp, from mill waste 30,32,33 

" furnace " " .-. 30,32 

" hard wood 30, 31, 32 

" leached 31,32,33,34 

" softwood 30,32 

" tan bark • 30,32 

u auleached 31,32,33,34 

Bay State Fertilizer 16,17, 27 

Bay State Superphosphate 16, 17, 27 

Blue Joint, analysis of. 50, 51 

Bone, ground 28 

Bone meal, Belknap & Son 28 

" Bowker Fertilizer Co 28 

" Sagadahoc Fertilizer 28 

Bowker's Ammoniated Dissolved Bone 16, 17, 27 

Bowker's Hill and Drill Phosphate 16, 17, 27 

Bradley's X. L. Superphosphate 18, 19, 27 

Butter, relation to fat in milk 69 

Buttercup, analysis of. 50,51 

Cattle foods, analyses of 47-53 

u ingredients of. 47-49 

" relative value of 76-78 

" special 52,53 

Clover, Alsike, analysis of 49,51,52 

" Bed, " 49,51,52 

« White, « 49,51 

Cobs, analysis of • 51 

" digestibility of 63,64 

Common Sense Fertilizers 18,19, 26,27 

Corn, analyses of 50,51,52 

(85) 



86 ihdkx. 

PAGE. 

Corn, digestibility 59-64 

" digestibility— when fed whole 59,60 

41 effect of grinding on digestibility 62, 63 

Corn-and-cob meal, analysis of 51 

44 4fc digestibility of 61,62 

Corn meal, analyses of 51 

44 digestibility of 56,60,61 

44 feeding for growth 73-76 

44 feeding for milk 65-72 

Cotton-seed meal, analysis of 50, 51 

u 44 digestibility of 56 

44 " feeding for growth 73-76 

44 " feeding for milk '.". 65-72 

Cream, percentage of 69,70 

Crocker's Ammoniated Bone Superphosphate 18, 19, 27 

Crude Fiber, explanation of term 49 

Cumberland Bone Superphosphate 18, 19, 27 

Digestion Experiments...* • • • 53-64 

Digestion, facts concerning 54 

Digestibility of feeding stuffs 49 

Director, Report of 6 

Dirigo Fertilizer *.'. 20,21,27 

Dow's Nitrogenous Superphosphate • - • 20, 21, 27 

English Patent Food 52,53 

Farrar's Superphosphate 20, 21,27 

Fats in feeding stuffs, explanation of term 49 

Fat in milk, relation to butter 69 

Feeding stuffs, digestibility of 49 

Fertilizers, compounding • 39-41 

44 cost of 39-41 

44 inspectionoi * - 9-28 

u purchase of 39-41 

44 trade values of ingredients of * 13 

" valuable ingredients of • • 9-11 

44 valuation of... 11-15 

FlamingojGuaw) • 2Q, 21, 27 

Harbor Mud 35,36 

Horn Pith.... v -- 36,37 

Imperial Egg Food • • 52,53 

Johnson's Continental Food •• 52,53 

Law establishing Station........... • 81-84 

license Fees •••••*.""". 79, 80 

Managers, Board of • •• 2 

Manure Residues, value of ••••••• • 42,43 

" u from corn meal 42-46 

" " from cotton-seed meal 42-46 

Milk, composition^ • 66 



INDEX. 87 

PAGE. 

Milk, feeding for 65-72 

Nitrogen, forms of » 9, 10 

44 in corn meal 45 

u in cotton-seed meal 44 

" in solid excrement 44, 45 

44 in Timothy hay 44, 45 

44 in urine 44, 45 

4fc sources of 39 

Nitrogen-free Extractive Matter, explanation of term 49 

Oat Straw, feeding for growth 73-76 

Officers of Station 2 

Phosphoric Acid, forms of 10 

44 44 in ashes 32 

44 u in corn meal. 45 

44 4t in cotton-seed meal 44 

44 " in excrements 44, 45 

44 44 in Timothy hay 44,45 

44 " sources of 39 

Potash, forms of 11 

44 in ashes 32 

44 in corn meal 45 

44 in cottonseed meal 44 

44 in excrements 44, 45 

44 in Timothy hay * 44,45 

44 in urine 44-46 

4fc sources of 39 

Protein, explanation of term 48 

Rations, the compounding of 76-78 

44 for growth, digestible matter in 75, 76 

44 for milk 4fc " 71,72 

Sagadahoc Superphosphate 20, 21, 27 

Seeding Down Fertilizer , 24, 25, 27 

Soluble Pacific Guano 22, 23, 27 

Standard Superphosphate 22, 23, 27 

Steers, feeding for growth 73-76 

Stockbridge's Com Fertilizer 22, 23, 27 

u Potato Fertilizer 22,23, 27 

t4 Top Grass Dressing 24, 25, 27 

Strawberry Fertilizer 24, 25, 27 

Treasurer, Iteport of 4, 5 

Timothy Hay, analysis of 50, 51 

44 digestibility of 55-59 

White Weed, analysis 49, 51 

Wilkinson's Superphosphate 24, 25, 27 

Witch Grass, analysis of 49,51 



ANNUAL REPORT 



OF THE 



MAINE FERTILIZER CONTROL 



AND 



Agricultural Experiment (Station. 



1886-7. 



AUGUSTA: 

SPRAGUE & SON, PRINTERS TO THE STATE. 

1887. 



ANNUAL REPORT 



OF THE 



MAINE FERTILIZER CONTROL 



an6 



Agricultural Experiment {Station. 



1SS6-7. 



AUGUSTA: 

8PRAGUE A SON, PRINTERS TO THE STATE. 
1887. 



HARVARD COLLEGE LIBRARY 

TRANSFERRED FROM 

BOTANICAL MUSEUM LIBRARY 

FEB. 26, 1934 

THE MAINE FERTILIZER CONTROL 



AND 

AGRICULTURAL EXPERIMENT STATION. 



BOARD OF MANAGERS. 

EX-OFFICIO. 

Paop. WALTER BALENTINE, Orono, 
Professor of Agriculture in the Maine State College. 

Hon. Z. A. GILBERT, North Greene, 
Secretary Maine Board of Agriculture. 

APPOINTED BY THE GOVERNOR. 

WILLIAM DOWNS, Esq., Sebec. 
BENJAMIN F. PEASE, Esq., Cornish. 
Hon. S. L. BOARDMAN, Augusta. 

Officers of the Board. 

Hon. Z. A. GILBERT, President. 

Prof. WALTER BALENTINE, Secretary. 

WILLIAM DOWNS, Esq, Treasurer. 

Station Officers. 

WHITMAN H. JORDAN, Orono, Director. 
JAMES M. BARTLETT, Orono, First Assistant 
L. H. MERRILL, Orono, Second Assistant. 
GILBERT M. GO WELL, Orono, 

Supt. Field and Feeding Experiments. 

•Until April 1st, 1887. 



* 



To the Honorable Governor and Council of Maine : 

The Board of Managers of the Maine Fertilizer Control and Agri 
cultural Experiment Station herewith submit, according to law, the 
Annual Report of the Station for the year ending July 1st, 1887. 

Z. A. GILBERT, President. 
Walter Balentine, Secretary 



ANNUAL REPORT 



OF THE 



MAINE FERTILIZER CONTROL 



AND 



Agricultural Experiment (Station. 



1886-7. 



AUGUSTA: 

SPRAGUE & SON, PRINTERS TO THE STATE. 

1887. 



ANNUAL REPORT 



OF THE 



MAINE FERTILIZER CONTROL 



ANd 



Agricultural Experiment {Station. 



1SS6-7. 



AUGUSTA: 

SPRAGUE A SON, PRINTERS TO THE STATE* 
1887. 



10 MAINE rBBTILIZBR CONTROL STATION. 

citrate, and includes not only the truly reverted, but also more or 
less of phosphoric acid as combined in the original, undissolved 
phoephatic material. Reverted phosphoric acid, in so far as it comes 
within the strict meaning of the term, most probably has a value for 
crop production equal to that of the soluble form, but it is not clear 
that this holds true of that which would be dissolved by ammonium 
citrate from finely ground South Carolina rock, for instance, at a 
temperature of 65* C. 

Insoluble phosphoric acid is that which is readily soluble neither in 
water nor in a solution of ammonium citrate, but which can be dis- 
solved in strong acids. It comes from some of the original phosphatic 
material that has not been acted upon by sulphuric acid, and depends 
somewhat for its value upon the kind of material used, whether 
bone or rock phosphate. In any case it has less value than the 
soluble or reverted forms. 

It should be remembered that the terms "soluble," "reverted," 
and "insoluble" are merely relative in their significance. There is 
no compound of phosphoric acid that is not dissolved to a slight 
extent, at least, by pure water, and to a still • greater* degree by 
ammonium citrate, and the extent of the solubility of raw phosphates 
in these liquids, and in weak acids such as are found in the roots of 
plants, depends very largely upon their mechanical condition, or the 
degree of fineness to which they are ground. 

The potash used in this country for agricultural purposes comes 
mostly from Germany in the so-called "German potash salts/' which 
Include potassium sulphate, potassium chloride (the muriate) and 
kainite. Except for a few special purposes, potash is equally valu- 
able in all these forms, but costs least in the muriate and in kainite. 

The Valuation op Fertilizers. 

The law establishing the Station requires that the average of three 
analyses of each brand of fertilizer sold in the State, with certain 
exceptions, shall be compared with the guaranteed composition of 
the fertilizers examined. 

This Station, in common with all American experiment stations 
that stand in an official relation to the fertilizer trade, goes farther 
than this and applies a schedule of trade values to the goods that it 
inspects. By means of these trade values there is calculated for 
each brand what has been designated as the "estimated value" or 
the "station valuation." As these estimated values are not intended 
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'to represent the proper selling price of mixed goods at the point of 
consumption, and in order to prevent any possible misapprehension 
;as to their real meaning, the following explanations are offered : 

1. These trade values represent very closely the prices at which 
a pound of nitrogen, phosphoric acid and potash, in their various 
forms, can now be purchased for cash at retail in our large markets. 
They are based mostly upon the ton prices at which certain classes of 
goods are offered to actual consumers, and correspond also to "the 
average wholesale prices for the six months ending March 1st, plus 
about twenty per cent in the case of those goods for which we have 
wholesale quotations. " 

2. These trade values do not include the charges for transportation 
from the market to the consumer, for storage, mixing, commissions 
to agents and dealers, selling on long credit, bad debts, etc., etc. 

3. They are the prices of nitrogen, phosphoric acid and potash, 
ready for use by the farmer, when these ingredients are purchased 

. under the above-named conditions, singly and not mixed In ordi- 
nary superphosphates we find these three ingredients mixed, but this 
is not a necessary condition' of their use. 

An illustration may serve to make clear the above statements. A 
farmer wishes a ton of fertilizer similar to the well-known brands- 
sold in this State. If he purchases for cash in New York or Boston 
sixteen hundred (1,600) pounds of dissolved bone black, three 
hundred (300) pounds of sulphate of ammonia, and one hundred 
(100) pounds of muriate of potash, and mixes these ingredients 
together, he will have a complete fertilizer not essentially different 
from many standard brands of ammoniated superphosphates. The 
cost of the ton after mixing (if the farmer prefers to mix the 
ingredients) will be made up as follows : 

a. Cost of the materials in the markets. 

b. Cost of transportation. 

c. Cost of mixing. 

The first element entering into the total cost is the only one 
included in the "estimated value." If there is added to this one 
element, not only the charges for transportation and mixing, but 
aho the expenses of selling through agents and dealers, long credits, 
bad debts, etc., we have the factors involved in the cost of our 
ordinary superphosphates when delivered at or near the place of 
consumption. As is to be expected, the Station valuations of 
superphosphates fall below their selling prices. Last year the aver- 
age difference in this State was $9.96 per ton. 
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This year it is $8.00 excluding certain brands for which there is 
evidently a serious overcharge. 

4. The Station valuations stand in no direct or necessary relation 
to the comparative profits which may be derived from the use of the 
various fertilizers by individual farmers. These values have an 
almost purely commercial significance, and are not designed to point 
out to a farmer whether he shall use potash, which is a comparatively 
cheap ingredient, or nitrogen, which is comparatively costly. If 
ordinary superphosphates are compared, however, on the basis of 
commercial valuations it will be found to be true in general that their 
fertilizing power is in proportion to the money value. 

The following schedule of trade values used in this State for 1887 
is the one agreed upon by the experiment stations of Massachusetts,. 
Connecticut and New Jersey, after a careful study of prices ruling in 
the large markets of New England aud the Middle States. 

For comparison, the trade values used in 1886 are also given : 

Trade Values of Fertilizing Ingredients in Raw Materials 
and Chemicals for 1887. 

1886. 1887. 

Cto.vib. ct*. v lb- 
Nitrogen in ammonia salts 184 174 

u in nitrates 184 16 

Organic nitrogen in dried and fine ground fish 17 174 

u in azotin, ammonite and dried and ground 

meat 17 174 

Organic nitrogen in cotton seed, linseed meal and in castor 

pomace 17 174 

Organic nitrogen in dried and fine ground blood 164 

k% " in fine ground bone 17 16 

u %l in fine medium bone. .. .. . . 15 14 

" u in medium bone 13 12 

u " in coarse medium bone 11 10 

u " " bone, horn shavings, hair and 

fish scrap 9 8 

Phosphoric acid, soluble in water 8 8 

u u " in ammonium citrate (commonly 

called "reverted") . ... 74 74 

Phosphoric acid, insoluble, in dry Una ground fish and in 

fine bone 7 7 

Phosphoric acid, insoluble, in fine medium bone 6 6 

u " " in medium bone 5 5 

u wi u in coarse medium bone 4 4 

" " " " bone 3 3 

" " u in fine ground rock phosphate 2 2 

Potash as high grade sulphate 54 54 

*• kainite 44 44 

** muriate 44 44 



MAINE FERTILIZER CONTROL STATION. 13 

These values are applied to the valuation of superphosphates and 
all mixed goods, as follows : 

It is assumed that the organic nitrogen of these goods has for its 
source such materials as dried blood, ground fish, or nitrogenous 
substances of equally good quality, unless a special examination of 
some particular brand shows that inferior material like leather has 
•been used. Organic nitrogen in mixed goods will therefore be valued 
.at seventeen and one-half cents per pound. 

The insoluble phosphoric acid of mixed fertilizers is considered 
as coming entirely from bone, and not from South Carolina rock, 
and is reckoned at three cents per pound. 

The potash is valued at the price of that ingredient in kainite and 
"the muriate, unless the chlorine present in the fertilizer is not sufficient 
to combine with it, in which case the excess of potash is reckoned 
as the sulphate. 

The valuation of a fertilizer is obtained by multiplying the per- 
centages of the several ingredients by twenty (which gives the pounds 
per ton), and these products by the prices per pound, and the sum 
of the several final products is the market value of the fertilizing 
ingredients in one ton. 

These estimated values should be studied in the light of the previous 
explanations. It will probably rarely happen in this State that a 
mixed fertilizer can be sold near the point of consumption as low as 
the Station valuation, the excess of cost representing certain expenses 
previously enumerated. The Station valuations give the consumer 
a fairly accurate basis for estimating the relative cost of plant- 
food in the various brands of fertilizers, and will help the farmer to 
determine whether he can in any way profitably change his methods 
of buying fertilizing ingredients. A caution should be uttered, 
however, against making too close an application of the Station 
valuations, as a difference of a few cents, or even of a dollar, on a 
ton between two brands may have no real significance, but may be 
due to unavoidable errors of sampling and analysis, that render it 
impossible to determine to the utmost exactness the composition of 
the entire bulk of material that is sold. 

The tables which immediately follow give on the left-hand pages 
the history of the samples taken, and on the opposite right-hand 
pages the results of the analyses. The selling prices given repre- 
sent in most instances the rate at which single packages, and not ton 
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lots, are sold The comparative money values, as calculated by the 
Station in the manner previously explained, have much more sig- 
nificance than the excess of selling price over valuation, because the 
selling price varies in some instances according to the quantity of 
fertilizer sold, conditions of payment, location, &c. 

There is one point in connection with the excess of selling price,, 
however, to which attention should be called, which is that the same- 
excess of selling price over valuation in two cases does not neces- 
sarily mean that one fertilizer is sold as cheaply as the other. This 
can be illustrated as follows : A's fertilizer is sold for forty dollars 
per ton, and values at thirty- two dollars. B's fertilizer sells for 
twenty-four dollars per ton, and has a valuation of sixteen dollars. 
The excess of selling price is eight dollars in both cases, but this is> 
only twenty-five per cent of the money value of the ingredients in- 
A's fertilizer, while it is fifty per cent of a similar valuation of B's 
fertilizer. In other words, B is charging the farmers twice as much 
as A for handling a given quantity of plant- food. 

The figures which show the composition of the various fertilizers 
analyzed represent the pounds of ingredients found in one hundred 
pounds of the fertilizer. 



Tables giving the History and Analyses 
of the Samples of Fertilizers Col- 
lected in 1887. 
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For convenience of reference a somewhat abridged summary of 
the averages in the previous tables has been arranged, which fol- 
lows. In the last column can be seen the relation of the excess of 
selling price to the money valuation. In order to see clearly the sig- 
nificance of the figures of this column it should be remembered that 
the Station valuation is the sum of money for which the ingredients 
of a ton of fertilizer can be bought at retail in our large markets for 
cash, in a condition ready for use, when sold singly and not mixed. 
The selling price is the sum of money which a farmer pays for the 
ingredients of a ton of fertilizer, mixed and delivered at his door, 
or in his immediate vicinity. 

The difference between the Station valuation and the selling price 
is really the sum of money which it costs the farmer to have the in- 
gredients of a ton of fertilizer mixed, transported and sold. The 
last column of figures shows what percentage this difference is of the 
money valuation, or the relative cost of mixing, transporting and 
selling the same amount of plant food in each fertilizer. As a rule, 
the quantity of fertilizing ingredients which costs 91.00 in our large 
markets is sold to Maine farmers at from 20 to 35 cents advance. 
In four cases the increase in cost is over 60 cents on the dollar, 
and in one instance is 111 cents. 

It may be true that every brand of commercial fertilizers repre- 
sented in these analyses is offered to Maine farmers at the lowest 
price consistent with fair profits. Whether this be so or not, the 
fact is very evident that the prices of a few brands are out of pro- 
iportion to the cost of a larger part of the fertilizers in our markets, 
and it is not to be expected that such goods can successfully com- 
pete with those offered at prices much lower in proportion to their 
real value. It is claimed by some interested parties that chemical 
analysis is incompetent to determine even the relative values of fer- 
tilizers, and that, this being true, the analyses and money valuations 
of experiment stations are not a reliable guide for the farmer. The 
insincerity of this argument is shown by the fact that dealers in the 
^materials used in the manufacture of commercial fertilizers buy and 
sell wholly on what they learn of the goods from chemical analysis. 
That which has value to the dealer and the manufacturer is that 
which has value to the farmer, and it is absurd to suppose that chem- 
ical methods are reliable in the one case and not in the other. 
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(6) ANALYSES OF MISCELLANEOUS FERTILIZERS. 

Analyses have been made of quite a number of fertilizing ma- 
terials, including those used in the field experiments conducted by 
the Station, and also fertilizers sent to the Station 03' farmers with 
a request that they be submitted to examination. 

The following list includ.es nearly all these materials of a miscel- 
laneous character. 



Miscellaneous Fertilizers. 

Station No. 

239 Ground South Carolina rock, sent to Station by Chas. G. 

Atkins, Esq., Bucksport. 

240 Ground South Carolina rock, used in the Station field ex- 

periments. 
188 Bone meal, sent to Station by E. H. Libbey, Esq., in be- 
half of Androscoggin County Grange. 

242 Ground bone, used in the Station field experiments. 

241 Dissolved bone black, used in the Station field experiments. 
244 Sulphate of ammonia, used in the Station field experiments. 

243 Muriate of potash, used in the Station field experiments. 
249 u Muriate of potash," sent to the Station by Chas. G. 

Atkins, Esq., Bucksport. 





1 


d 

1 
s 


Phosphoric Aoid. 




9 
a 

JO 

1 

OQ 


J2 

3 



3 


1 

04 


9 

JO 



i 


M 


I 


239 


Ground S. 0. rook 


% 


% 


% 


21N30 
26.37 
19.63 
22.22 
.26 


% 


240 


tl «< (4 










188 


Bone meal ••... 


,4.02 
3.75 

20.98 










242 


Ground bone ••••• 




241 
244 
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The sample of bone meal, No. 188, was sent to the Station be 
cause it was thought that its appearance gave indications of adul- 
teration. 

A portion of the reply sent to Mr. Libbey was in substance as 
follows : ' 
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"The average of a large number of analyses of ground bone 
(bone meal) gives these figures : 

Phosphoric acid 21.7 per cent. 

Nitrogen 3.8 " 

Although the sample you sent contains less phosphoric acid and 
more nitrogen than the average, the composition is not unusual, and 
the analysis gives no indication of adulteration." 

Sample No. 249 came from Mr. Atkins marked " Muriate of Pot- 
ash/' but evidently it is kanite. Muriate of potash should contain 
at least 50 per cent of potash (potassium oxide) , whereas this was 
found to contain only 12.19 per cent, which is below the percentage 
often found in kanite. If this material was sold for muriate of 
potash, of the grade now found in the market, a deception was 
practiced. 

Clam Shells. 

Samples of clam shells, whole and ground to different degrees of 
fineness, were furnished to the Station by Hon. Z. A. Gilbert, which 
were obtained through the kindness of the manufacturers, the Dam- 
ariscotta Shell and Fertilizer Co. 

It is not known to what extent this material is offered to farmers 
for use as a fertilizer, but it is assumed that the composition of all 
classes of substances that are in the market under the head of fer- 
tilizing material is a matter of public interest. 

The character of the four samples was as follows : 
Station No. 

184 Whole shells. 

185 Shells broken in coarse pieces. 

186 Shells ground quite fine. 

187 Shells ground very fine. 

As would be expected, these different grades have very nearly the 
same composition. The analyses are given below : 



187. 



Carbonate of lime 

Sulphate of lime (hydrated)... . 

Phosphoric aoid 

Oxide of iron 

Magnesia 

Organic matter 

Insoluble material (silioi, eto.) 
Water 
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The chief ingredient of clam shells, as these and many other 
analyses show, is carbonate of lime, and they do not contain an ap- 
preciable amount of any of the more costly ingredients of plant 
food. Like lime, these shells are not a fertilizer in the sense that 
barn manure or a superphoshate i3, and their effect would be indirect. 
In fact their effect, when finely ground, would be similar to that of 
lime, only less vigorous. ^ Fifty-six pounds of well-burned lime 
would add to the soil all that is of value in a hundred pounds of 
clam shells, and would, when thoroughly air slaked have an equal or 
greater effect on crop production. 

Hen Manure. 

A communication was received from E. F. Roundy, Esq., No. 
Hermon, asking in regard to the expense of procuring the analysis at 
the Station of a sample of hen manure. The reply was made that 
if Mr. Roundy would carefully select a sample, and weigh a barrel- 
ful of the manure from which the sample was taken, the analysis 
would be performed free of charge. 

Two samples of hen manure were received, accompanied by the 

following letter : ' 

May 9, 1887. 
Dear Sir:— 

U I send you two samples of hen manure by Express. Sample A is 

the droppings as taken from the platform under the roosts, and not dried. 

A common flour barrel filled and well firmed in weighs 200 pounds net. 

The hens which made the above were fed principally on oats and wheat 
bran with some corn meal and corn. 

Sample B is hen manure in which there were put a very few ashes and 
about 20 pounds of plaster per barrel. About four weeks ago it was 
piled in the barn floor and has been worked over several times since. It 
weighs at present time 175 pounds per barrel, net, well chopped in. 

Please state the amount of the several constituents and their value. 
Some think a barrel of hen manure as good as a barrel of phosphate. 
Acting upon that idea, I, last year, planted a few rows, using the manure 
in about the same quantity as I did of phosphate on other corn. 

The corn under which the manure was put did not amount to much, 
while the other was good." 

The samples of manure were analyzed, and the results are given 
in the reply sent to Mr. Roundy. 

Dear Sir : 

"We have completed the analyses of the samples of hen manure which 
you sent to the Station, with the following results : I give first the per- 
centages and valuable ingredients in the two samples as received. 
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Sample. 


Phos. Aoid. 


Potash. 


Nitrogen. 


A 


.91 


.69 


1.10 


B 


1.29 


1.02 


1.47 



From these percentages 1 have calculated the pounds of each of these 

valuable ingredients in a barrel of each kind of manure, wet and dry; 

and also the commercial value of these quantities in forms equally useful 

to the farmer. 

8ample Phot. Aoid. Potash. Nitrogen. Value per Barrel. 

A 1.8 lbs. 1.38 lbs. 2.2 lbs. $0.65 

B 2.25 •• 1.78 " 2.58 «« 0.78 

The phosphoric acid is reckoned at 8 cents per pound, the potash at 5 
cents, and the nitrogen at 20 cents. You cannot get something out of 
nothing, so you cannot expect that the manure of hens will contain 
more fertilizing material than is furnished by their food. 1 ' 



Relative Manure Value op Cotton-Seed Meal and Linseed 

Meal. 

The manurial value of purchased Cattle foods is a matter of im- 
portance. This value is determined by the amounts of nitrogen, 
phosphoric acid and potash that the foods contain, as these ingredi- 
ents appear in the manure in proportion to the quantities found in 
the food. 

As a source of plant food cotton-seed meal is superior to linseed. 

Analyses of two samples of each of these foods collected in Maine 
in the fall of 1886 showed them to contain the following quantities 
of nitrogen, phosphoric acid and potash : 





Nitrogen. 


Phosphorio Aoid. 


Potash. 




■*» 

p 

© 

© 

7.03 
7.38 

7.20 

4.92 
5.65 

5.29 




p 

s 


a 

u 


a 

<S 

© 


a 

m 

§1 

04 « 


Cotton-seed meal, zxviii 

Cotton-seed meal, xxxv 


140.6 
147 6 

144.0 

98.4 
113.0 

105.8 


3.28 
3.08 

3.18 

1.98 
1.80 


65.6 
61.6 

63.6 

39.6 
36.0 


1.88 
2.03 


37.6 
40.6 


Average* 


1.96 

1.14 
1.11 


39.1 


Linseed meal, xxix 

Linseed meal, xxxiv 


22.8 
22.2 






Average 


1.89 


37.8 


1.13 


22.5 



The cost in 1887 of the same quantities of equally valuable nitro- 
gen, phosphoric acid and potash that are found in the above average 
for cotton-seed meal was $31.31, while the market value of these in- 
gredients in the average linseed meal was only $22.12. 
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About four-fifths of this market value pertains to the nitrogen that 
these two foods contain, this being the most costly ingredient of the 
three mentioned. 

It is not asserted therefore, that a farmer can afford to pay the 
above sum of money for a ton of cotton-seed meal or linseed meal 
to use as a fertilizer, unless it is for the purpose of mixing these 
materials with some purely phosphatic fertilizer. The cases are 
rare in Maine where it is profitable to apply alone a fertilizer con- 
taining so large a quantity of nitrogen, in proportion to the amounts 
of phosphoric acid and potash, as is found to be the case with cotton- 
seed and linseed meals. 

The fact is plain, however, that these two feeding stuffs bring to 
the farm the quantities of valuable man u rial ingredients shown by 
the analyses, and that these quantities would cost, when purchased in 
commercial fertilizers, the sums of money stated. No other fact is 
needed to make evident the value to the farm of purchased foods of 
this character, as a source of fertility. 

(c) EXPERIMENTS WITH FERTILIZERS. 
Field Experiments with Fertilizers at the Station. 

The field experiments with fertilizers now being conducted at the 
Station are planned with reference to gaining information on four 
points in farm practice, viz. : 

(1). The comparative worth of phosphoric acid (phosphate^) in 
the various forms available for use. 

(2). The use of a partial as compared with a complete fertilizer. 

(3). The relative profits resulting from the use of different quan- 
tities of fertilizers. 

(4) . The comparative results from the use of farm manures (ex- 
crement of animals) and of commercial manures. 

The soil of the experimental field is a clayey loam, well adapted 
to grass and grain, which at the beginning of the experiments was in 
condition to produce a fairly good crop without the aid of manure. 

The field, which is quite uniform in character, is divided into thirty- 
six (36) plots, eight rods long and one rod wide, containing one- 
twentieth of an acre each. The plots are separated by a strip of 
land eight feet wide, in which runs a ditch deep enough to ensure a 
prompt removal of all surplus water from the surface soil. 



42 MUNI FERTILIZER CONTROL STATION. 

Before the sod was broken for the plots in 1885, the field had borne 
three heavy crops of grass, previous to which the land received a 
liberal application of manure and nnleached ashes. 

In 1885 the plots produced a crop of barley with no manure, the 
treatment of the plots being uniform throughout. 

The plots extend east and west, and are arranged in two tiers 
which run north and south, and which are separated by a narrow road. 
The corners of the plots are marked by seasoned maple stakes, which 
are driven so deep that they will remain permanently. 

It is intended to continue these experiments on the same plots 
for a series of years. It is only by testing the effect of continuing 
a method of manuring for a long time that we are able to arrive at 
conclusions which can be safely followed in farm practice. 

It is proposed, therefore, to devote these plots to a rotation of 
crops, making an application of fertilizers at stated periods, and 
keeping a careful record of the crops produced and such other facts 
as seem to be of interest. 

It is well known that the field experiments of this sort may in- 
volve errors of considerable magnitude, the main source of error 
being lack of uniformity in the productiveness of the various plots. 

In these experiments an effort will be made to eliminate errors 
due to this cause, by (1) having three plots in different parts of the 
fields treated in the same way, and by (2) continuing the experi- 
ments for a long time. 

If the average results thus obtained show no marked difference 
between the effect of two methods of manuring after ten years, it 
can be safely concluded that so far as immediate profit is concerned 
it will make very little difference which method a farmer chooses. 
It should be recognized, therefore, that the results obtained from 
the work of any one year have a value somewhat in proportion to 
the number of years the experiments have been continued, conse- 
quently the yields of the plots for 1866 are given only as a report 
of progress. 

Each tier of eighteen plots is divided into three sets of six plots 
each. In each set there is one plot which receives no manure, and 
the other five plots all receive fertilizers of some kind, which are 
not alike in all respects on any two plots in the same set. Each 
plot of one set, however, is treated exactly like a corresponding 
plot in both the other sets, so that each method of manuring is 
carried out on three plots. The average yield of the three plots 
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treated alike is taken as representing the yield from the method of 
manuring used on those plots. 

The Comparative Production from Different Forms of Phos- 
phoric Acid. 

A very large part of the phosphoric acid that is applied to the soil 
in commercial fertilizers does not exist in the fertilizers in the forms 
in which it is found in nature. 

The larger portion of the bone, and about all the phosphatic guanos 
and mineral phosphates used, are treated with sulphuric acid before 
going to the farm. This is done in order to make the phosphoric 
acid available to plants, and the cost of this ingredient of fertilizers 
is thus greatly increased. 

The question is now raised whether the increased cost caused by 
the use of sulphuric acid is profitable in all cases. It is well known that 
a soluble phosphate does not remain in solution in the soil, but that 
immediately after the application of a fertilizer to moist earth the sol- 
uble phosphoric acid becomes combined in insoluble phosphates, which 
are deposited in minute particles. The particles are so finely divided 
that the roots of plants easily secure plant food from them. It seems 
from the knowledge at present available, therefore, that the ultimate 
and valuable result of treating a phosphate with sulphuric acid is its 
distribution through the soil in a mechanical condition so fine that it 
is readily available to plants. 

The query very naturally follows whether practically the same re- 
sult cannot be reached by the use of very finely ground undissolved 
phosphates, and thus lessen the expense of crop production, especially 
of grain and grass. This, is one of the points involved in the field 
experiments undertaken by the Station. 

Three forms of phosphatic material are being used in this experi- 
ment, viz. : Dissolved bone black, in which the phosphoric acid has 
been rendered largely soluble by the action of sulphuric acid ; finely 
ground bone, undissolved ; and finely ground South Carolina rock, 
undissolved. 

In every case other necessary ingredients of plant food besides 
phosphoric acid are supplied so abundantly by the use of muriate of 
potash and sulphate of ammonia that a failure of the crop to grow 
could only be ascribed to a lack of available phosphoric acid. 

The quantity of phosphatic material applied is sufficient in every 
case to furnish the same amount of phosphoric acid per acre 
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throughout. The cost of the phosphoric acid varies greatly, how- 
ever, in the three cases, that furnished by the ground S. C. rock cost- 
ing not over a third of the market value of the same amount in the 
other two forms. 

The following table gives the kinds and quantities of fertilizers 
used, and the yields of grain and straw on each plot. 

The crop grown was oats. The seed was sown May 15th, and the 
crop was cut August 13th. 

This experiment involves the first series of eighteen plots. 
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In the next table can be seen the average rate of yield per acre 
with the various kinds of fertilizers used, and with no fertilizer. 



Kind of Fertiliser. 



Nothing. 



r Dissolved bone black.. 
J Muriate of potash .. . . 
C Sulphate of ammonia 



l Fine ground bone .... 
3 Muriate of potash . . . 
C Sulphate of ammonia 



C Fine ground 8. G. rook., 

< Muriate of potash 

(Sulphate of ammonia . 



< Muriate of potash . . . 
I Sulphate of ammonia 



3 « e 



Stable manure . 



400 
100 
200 

360 > 
100 > 
140 > 

300 
100 
200 

100 > 
200 f 

40,000 



Yield Per A ore. 

Average of Three 

Plots. 



Grain, 
bush. 

55.7 
82.9 

76.2 

72.2 

64.5 
7S.9 



8traw. 
lot. 

1,984 
5,414 

5,134 

2,884 

2,564 
3,050 



Gain Over Plots 

Receiving no 

Fertilizer. 



Graio. 
bush. 



27.2 
20.6 

16.6 

8.8 
18.2 



Straw, 
lbs. 



1,430 
1,150 

900 

580 
1,066 



The yield of the plots receiving no fertilizer shows that the land 
was capable of producing a good crop without the aid of manure, 
and so it should not be expected that the fertilizers would cause a 
marked increase of crop. Nevertheless, the increase was quite large 
in some cases. 

The following brief comments may serve to point out the impor- 
tant facts indicated by the above table : 

(1). The largest increase of crop was produced by the use of sol- 
uble phosphoric acid, in the case of the dissolved bone black. Ex- 
perience has shown that this would probably be the case for the first 
year. Will it continue to be the case for several years ? 

(2) . The undissolved phosphates, viz : the fine ground bone and 
fine ground rock, were undoubtedly used by the crop to a consider- 
able extent, as can be seen by comparing the yield where these fer- 
tilizers were applied with the yield where the muriate of potash and 
sulphate of ammonia were used without phosphatic material. 

(3). For the first year's crop the yard manure proved inferior to 
the best complete commercial fertilizer. 
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Paktial and Complete Fertilizer— The Profitable Quantity 
of Commercial Fertilizer to Use. 

The two questions to which the second series is devoted are the 
following : 

(1). The use of partial as compared with complete fertilizers. 

(2). The relative profits resulting from the use of different 
quantities of fertilizers. 

Both of these questions are of great importance in farm practice. 

If a failure to supply in commercial manures all the most im- 
portant elements of plant food is to prove disastrous to the profits 
of farming, either immediately or after a period of years, it is im- 
portant that the fact should be shown by good evidence. 

The second question is equally important in farm economy. It 
is well known that no arable soil is so poor that it will not furnish a 
portion of the food necessary for the production of a crop. That 
which the soil cannot supply the farmer must, but it is good economy 
not to increase the artificial supply out of proportion to the demand. 

There is abundant evidence that from our good soils the natural 
supply is an important factor in crop production. 

As in the first series, three plots are devoted to the same method 
of treatment, and the yields given are the averages of three plots 
in each case. 

The table below gives the kinds and quantities of manures used, 
and the yields of grain and straw from each method of treatment. 

The seed (oats) was sown and the crop was harvested at the 
same time as in the first series of plots. 
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As before, the average rate of yield of the plots per acre is cal- 
culated. The results follow. 



Kind of Fertiliser. 



Nothing 

Dissolved bone bltok.. 



J Dissolved bone bltok . 
I Muriate of potash .. . . 



r Dissolved bone bUek.. 
2 Muriate of potash 
C Sulphate of ammonia. 



r Dissolved bone black. 
< Mnritte of potash.. ., 
C Sulphate of ammonia 



r Dissolved bone blaok.. 
2 Muriate of potash 
C Sulphate of ammonia 



9 S e 



400 

400 > 
100 5 

200 > 
60 V 
60> 

800 > 
100 > 
120 ) 

400 >! 
150 V 
180 ) 



Yield Per Acre. 

Average of Three 

Plots. 



Grain, 
bush. 



52.5 
55.2 

54.8 
57.5 

69. 

68. 



Straw, 
lbs 



2,894 
2,856 

8,276 
5,006 

8,570 

8,994 



Gain Over Plots 

Receiving no 

Fertiliser. 



Grain, 
bush. 



2.7 
1.8 

5.0 
16.8 
15.8 



Straw, 
lbs. 



462 
882 

612 
1,176 
1,600 



(1). The complete fertilizer gives the largest yield, so also does 
the largest quantity of the complete fertilizer. The increase in yield 
is not in proportion, however, to the increase in the quantity of fer- 
tilizer. 

Field Experiments with Fertilizers bt Farmers. 

In the spring of 1886, the Station sent to farmers located in dif- 
ferent parts of the State experimental sets of fertilizers, which were 
to be used according to certain directions given by the Station, the 
results of the experiments to be reported to the Station. 

The objects in view in cooperating with farmers in this sort of ex- 
perimental work were the following : 

(1). To stimulate habits of inquiry and observation. 

(2). To render farmers more familiar with the composition of fer- 
tilizers. 

(3). To add something, if possible, to our stock of knowledge in 
regard to the profitable use of commercial fertilizers. 

It was hoped to secure these results not only through the observa- 
tions and experience of the farmers conducting the experiments, but 
also through the interest that the experiments might excite among 

4 
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other farmers in the localities to which the experimental sets of fer- 
tilizers were sent. 

Fourteen farmers undertook experiments. With six of these the 
work resulted in utter failure, in most cases due to a drouth, which 
either prevented the proper germination of the seed or so dwarfed 
the crop from lack of water as to prevent any beneficial effect the 
fertilizers might otherwise have had. 

The names and location of the eight farmers whose results are 
here reported are given below : 

H. C. Burleigh, Vassalboro'. 
J. M. Deering, Saco. 

D. B. Johnson, Freedom. 

H. L. & W. £. Leland, East Sangerville. 
A. L. Moore, Limerick. 
A. P. Starrett, Warren. 
A. J. Tolman, Rockland. 

E. P. & A. C. True, South Litchfield. 

The following is a copy of the directions sent to each farmer that 
conducted an experiment : 

Directions for Field Experiments with Fertilizers. 

1. Select land that is as uniform in character as possible, and 
which has received no manure for several years (run-out land if 
you have it.) 

2. The required dimensions of the whole piece are 8x11 1-8 rods, 
or 132x183 feet. 

3. Before the plots are laid out, plow the whole piece, and pulver- 
ize thoroughly. 

4. Make the size of each plot one-twentieth of an acre, and the 
* dimensions one rod wide and eight rods long. 

5. Measure off the plots, and drive a stake at each corner, leav- 
ing a strip of land two feet wide between the plots. If the land is 
inclined, the length of the plots should be up and down the slope. 

6. Number the plots 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10. 

7. Put no fertilizer on plots 1 and 6, and no fertilizer on any plot 
except that contained in the bags. 

8. Put the fertilizers on the plots numbered to correspond to the 
numbers on the bags. Put Bag No. 2 on Plot No. 2, etc., etc. 

9. Apply the fertilizers in the manner which you have practiced, 
only be careful that no fertilizer comes in contact with the seed. 
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10. Make the same number of rows on each plot, with the same 
number of hills in each row. This can be easily done by cross 
marking. 

11. Pat the same amount of the same kind of seed on each plot. 

12. Plant the seed (or sow) on the same day on all the plots. 

13. Cultivate the plots while the crop is growing, as nearly at the 
same time as possible. 

14. Weigh the crop carefnlly on each plot, both grain and straw 
if grain is sown, both corn and fodder if corn is planted, that* is, 
find weight of grain and straw separately. 

15. Carefully report any misfortune to the crop on any plot, and' 
keep a record of the appearance of each plot. 

It is gratifying to be able to state that the experimenters were pains- 
taking in their efforts to follow the above directions, and that where 
the experiments escaped unavoidable misfortunes the results were 
satisfactory, in some cases highly so. 

The sets of fertilizers were alike in all respects. Each set con- 
sisted of eight bags, containing the materials stated below. 

Bag 2. Dissolved bone black, 20 lbs. 

n o ( Dissolved bone black, 20 lbs. ) 

*** *- \ Muriate of potash, 5 " J 

( Dissolved bone black, 20 lbs. \ 

Bag 4.* •] Muriate of potash, 5 " > 

(Sulphate of bone, 5 " } 

Bag 5. Fine ground bone, 20 lbs. 

Bag 7. Same as Bag 2. 

Bag 8. Same as Bag 3. 

Bag 9. Same as Bag 4. 

Bag 10. Same as Bag 5. 

* Complete fertilizer. 

The cost per acre of these fertilizers is given for the benefit of those wbo wish to study the 
results of the following experiments from a financial point of Tie w. These figures include only 
the cost of the materials delivered in Orono, the small expense of mixing and the freight paid 
for re-shipping to the various experimenters not being taken into account. The prices which 
the Station paid for these materials are lower than the retail prices quoted for small lots, but 
ire applicable to lots of several tons. 

Bag 2 $0,50 per acre. 

Bag3 0.00 " 

Bag 4 13.00 " 

Bag 6 7.60 " 
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H. C. Burleigh, Vassalboro'. 

Crop, oat 8. The land was broken m 1881, manured with one- 
half ton coarse bone per acre, and seeded to winter wheat and 
Timothy. In grass since, with no fertilizer. Seed sown at rate of 
2£ bushels per acre. 



Plot. 



9 

10 



Fertiliser Applied. 



No fertiliser. 



Dissolved bone bltok . 



J Dissolved bone black.. 
I Muriato of poUsh. . .. 



f Dissolved bone blaok.. 
< Muriate of potash 
C Sulphate of ammonia . 

Pine ground bene 



No fortiliser 



Dissolved bone blaok . 



; Dissolved bone blaok . 
i Muriate of potash .. .. 



r Dissolved bone blaok. 
1 Muriate of potash .... 
( Sulphate of ammonia. 



Fine ground bone . 



lbs. 



400 

400; 

100 ( 

400 
100 
100 

400 



400 

400) 
IOO5 

400) 
100 > 
100) 

400 



2 
o 



c o 

H< 

lbs. 
2,540 

2,420 



2,800 

3,180 
2,550 



2,730 
2,680 

2,910 

3,850 
2,920 



Yield Per Acre. 



a 



bash. 

28. 

20.7 
37.3 

45.3 
30.3 



31.7 
32.0 

39. 

49.7 
37. 



* 

£ 



lbf. 
1,700 

1,800 
1,C80 

1,810 
1,640 



1,780 
1,720 

1,740 

2,360 
1*810 



Average. 



No fertiliser 

lMssolved bone blaok, containing phosphoric aoid 

J Dissolved bone blaok, [ Containing phospho- 
{ Muriate of potash ) rio acid and potash. 



f Dissolved bone blaok, 
* Muriate of potash, 
C Sulphate of ammonia. 



Containing phospho- 
rio acid, potash and 
nitrogen. 



J i*. _ *».... ftRSfcaSfii. } 



I 

o © 



lbs. 
2635 

2550 
2855 



3515 



2735 



Grain. Straw. 



Tield per 
Acre. 



bush. 
29.9 

26.3 
38.1 



47.5 



33.6 



lbs. 
1740 

1760 
1710 



2090 



1725 



Increase over 
plots receiv- 
ing no Fertil- 
iser. 



Grain 



bush. 

-3.6 
8,2 

17.6 

3.7 



Straw. 



20 



.30 



350 



-15 
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Comments. The fertilisers produced a smalt increase of yield, 
that with the complete fertilizer being much larger than in any other 
case. 

J. M Deering, Saco. 

Crop, corn. Soil, moist, interval land, in grass for seven years, 
yielding rather more than one ton of hay per acre when plowed. 



Plot. 



9 
10 



Fertiliser Applied. 



No fertiliser 

Dissolved bone black . 



J Dissolved bone black.. 
I Muriate of potash .. . . 



r Dissolved bone black . 
? Muriate of potash .. .. 
C Sulphate of ammonia. 



Fine ground bone 

No fertiliser 

Dissolved bone black . 



; Dissolved bone black . 
I Muriate of potash .. . . 



r Dissolved bone black.. 
1 Muriate of potash .. .. 
C Sulphate of ammonia 



Fine ground bone . 



o ft. • 

«• 2 2 

B.2 © 

S5< 

a »- ** 
Boo 



lbs. 



400 

400 > 

1005 

400 
100 
100 

400 



400 

400) 
100 $ 

400) 
100 V 
100) 

400 






lbs. 
8,480 

8,400 
10,200 



9.800 

9,600 
8,000 
8,840 

10,600 

10,200 
9,800 



Yield Per Acre. 



Grain. 



bush. 
40. 

40. 
53.3 

48. 

50.7 
37.3 
43.2 

56.0 

50.7 
50.7 



Fodder. 



lbs. 
6,480 

6,400 
6,200 

6,900 

6,800 
5,200 
5,600 

6,400 

6,400 
6,000 



Average. 



No fertilizer 

Dissolved bone blaok,oontaining phosphoric acid, 

C Dissolved bone black, (Containing phospho- 
( Muriate of potash. | rio aoid and potash. 

C Dissolved bone black, (Containing phospho- 
< Muriate of potash, rio aoid, potash and 
C Sulphate of ammonia. 1 nitrogen. 

{Fin, ground bon |°SafcUfiS!£$ 



ft* 

8. 

a. 

1 






Yield per 
Aore. 


Grain 


Straw. 


lbs. 
8,240 


bush. 
38.7 


lbs. 
5340 


8,620 


41.6 


5500 


10,400 


54.6 


6300 


10,000 


49.3 


6300 


9,700 


50.7 


5900 



Grain. Fodder. 



Increase of 

yield over 

plots with no 

Fertiliser. 



bush. 



2.9 



15.9 



10.6 



12.0 



lbs. 



160 



960 



960 



660 



[ 
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In this experiment Mr. Deering separated the sound corn from the 
soft and weighed each kind. The amount of sound com was not in 
proportion to the total weight of ears, but was greatest on the plots 
to which the ground bone was applied, the next largest amount be- 
ing found in the plots receiving the bone black and muriate of potash. 
The following were the average weights of sound shelled corn grown 
with the various fertilizers : 

No fertilizer, 29.3 bushels ; dissolved bone black, 33.3 bushels ; 
dissolved bone black and muriate of potash, 42.6 bushels ; dissolved 
bone black, muriate of potash and sulphate of ammonia, 37.3 
bushels ; ground bone, 46.6 bushels. 

Mr. Deering's observation was that while the growth was luxuriant 
where the complete fertilizer was applied, the ammonia salt seemed 
to retard the ripening of the crop. 

It should be noted that this experiment was performed on land 
capable of feeding a good crop without the aid of manure, so that 
the application of the fertilizers caused but small increased growth. 
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D. B. Johnson, Freedom. 

Crop, beans. The experimental field had been in grass for eight 
years. Soil very uniform. 



Plot. 



10 



Fertiliser Applied. 



No fertiliser 

Dissolved ►one blaek. 



J Dissolved bone black . 
\ Muriate of potash . . . 



C Dissolved bone blaek . 
2 Muriate of potash . . . 
C Sulphate of ammonia. 



Fine ground bone . 
No fertiliser 



Dissolved bone blaek . 



' Dissolved bone blaek , 
Muriate of potash . . . . 



C Dissolved booe blaek • 
7. Muriate of potash:. .. 
{ Sulphate of ammonia. 



Fine ground bone . 



*5 
-2 0* 






lbs. 



400 

400) 
100 5 

400 
100 
100 

400 



400 

400 > 
100$ 

400) 
100 > 
100) 

400 



8. 

a 

I 

ii 

lbsT" 
740 

920 
1,300 

1,840 

1,120 
920 
980 

1,280 

1,380 
960 



Tield per Acre. 



3 
m 

bush. 
5.8 

7.7 
12.0 

14.7 

9.3 
10. 

7.7 

11.5 

10.3 
8.3 



lbs. 
390 

460 
580 



640 
320 
520 

590 

740 
460 



Average. 



Fertiliser Applied. 


u 


1 

"it 


Yield Per 
Aere. 


Increase of 
1 yield over 
plots with no 
1 Fertiliser. 







Beans. 


Vines. 


'Beans. 


Vines. 


No fertiliser 


lbs. 
830 

960 


bush. 
7.9 

7.7 


lbs. 
355 

490 


bush. 


lbs. 


Dissolved bone blaek, containing phosphoric acid, 


135 


J Dissolved bone black, 1 Containing phospho- > 
( Muriate of potash, | rie aeid aud potash, $ 


1,290 


11.7 


585 


3.8 


230 


C Dissolved bone blaek, 1 Containing phospho- f 
< Muriate of potash, rie aeid, potash and > ' 
C Sulphate of ammonia,' nitrogen, J 


1,610 


12.5 


850 


4.6 


495 


Fine ground bone | 


1,040 


8.8 


500 


.9 


145 



56 
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On plots 4 and 9 in this experiment the seed in some hills (48 and 
76 respectively) failed to germinate, and in plot 10 the crows pulled 
35 hills. Each plot contained 480 hills, and the yield of each plot is 
calculated on the basis of this number. 

The increased growth due to the complete fertilizer especially is 
seen to be enough to nearly double the weight of the total crop, 
the increased production of beans being nearly as large where the 
phosphoric acid and potash were applied without the nitrogen. Mr. 
Johnson writes that the plants with the complete fertilizer appeared 
to be the rankest in growth. 

H. L. & W. £. Leland, East Sangerville. 

Crop, corn. Soil, a light loam of fine texture, which had not been 
ploughed for several years. Produced the season before plowing at 
the rate of a ton of hay to the acre. 



Plot. 

1 

2 



5 
6 
7 

8 

9 
10 



Fertiliser Applied. 



No fertiliser 

Dissolved bone blaok . . • 

C Dissolved bone black . 
I Muriate of potash.. .. 



f Dissolved bone black.. 
/ Mnriate of potash . .. 
C Sulphate of ammonia. 



Fine ground bone.... 

tfo fertiliser 

Dissolved bone blaok « 



C Dissolved bone blaek. 
I Muriate of potash . . . 



f Dissolved bone blaok.. 
* Muriate of potash 
(Sulphate of ammonia 

Fine ground bone .... ... 



-i a | 

a .mm O 

S3* 

a *• ** 
a o o 



400 

400) 
100 5 

400 
100 
100 

400 



400 

400) 
100 5 

400 
100 
100 

400 



*• . 

IS 

o o 

lbs. 
3,770 

7,520 



6,910 

8,550 

4,560 
3,120 
4,980 

5,800 

8,600 
4,820 



Yield Per Aore. 



Grain. 



bush. 
20. 

45.3 
37. 

42.6 

30. 

12.3 

26.0 

30. 

40.5 
26.3 



Fodder. 



lbs. 
2,280 

4,120 
4,140 

6,360 

2,320 
2,200 
3,040' 

3,520 

5,560 
2,420 
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Average. 



No fertiliser 

Dissolved bono black, i 



I 



5 Dftaolved bone black, 
j Muriate of potash. 

f Dissolved bone black, 
< Muriate of potash, 
C Sulphate of ammonia. 

J Fine ground bene. . . 



Containing phos- ; 
phorio aoid. < 

Containing phos- ' 
phorio aoid and 
potash. . 

Containing phos- 
phoric aoid, pot- 
ash and nitrogon. 

Containing phos- 
phoric aoid and 
nitrogen. 



:\ 



b*< 



lbs. 
3446 

6350 



6366 



8575 



4440 



Yield Per 
Aore. 


Increase of 

yield over 

plots with no 

Fertiliser. 


Grain. 


Fodder. 


Grain. 


Fodder. 


bush. 
16.1 


lbs 
2240 


bush. 


lbs. 


35.6 


3580 


18.5 


1340 


33.5 


3830 

• 


17.4 


1590 


41.5 


5460 


25.4 


3220 


37.6 


2370 


11.5 


130 



In this experiment the increase of crop was not only considerable 
on nearly all of the plots, bat, considering both fodder and oorn, 
was especially large on those plots receiving the complete fertilizer. 
This is in accordance with the general effect of nitrogenous manures 
in increasing the proportion of straw or fodder to grain. 
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A. L. Moore, Limerick. 

Crop, potatoes. The soil was a gravelly loam, in grass ten years, 
until 1885, when a crop of oats was grown on it after an application 
of 400 pounds of superphosphate per acre. 



Plot. 



6 
6 

7 

8 

9 
10 



Fertiliser Applied. 



No fertiliser 

Dissolred bone black.. 



< Dissolred bone black. 
( Muriate of potash . . . 



C Dissolred bone black . 
< Muriate of potash . . . 
C Sulphate of ammonia. 



Fine ground bone 

No fertiliser 

Dissolred bone blaok.. 



\ Dissolred bone black. 
| Muriate of potash . . . 



C Dissolred bone black . 
/ Muriate of potash. . . . 
C Sulphate of ammonia. 



Fine ground bone. 



Amount of 

Fertiliser Per 

Aore. 



lbs. 



400 

400) 
100 5 



400 
100 
100 

400 



400 

400 > 
100$ 

400) 
100 > 
100 J 

400 



Weight 
of Crop Per 
Aore, tubers. 



lbs. 
7,400 

8,100 
11,400 

12,900 

9,600 
5,200 
8,900 

11,340 

11,900 
8,120 



Yield 

Per Acre, 

tubers. 



bush. 
123.3 

135. 

190. 

215. 

160. 
86.6 
148.3 

189. 

198.3 
135.3 



Average. 





Weight of 
Crop Per Acre, 
tubers. 




Increase of 
yield orer plots 
with no Fei- 
tiliser. 


No fertiliser 


lbs. 
6,300 

8,500 
11,370 

12,400 

8,860 


bash. 
104.8 

141.6 
189.5 

206.6 

147.6 


bush. 


Dissolred bone black, containing phosphoric aoid, 

< Dissolred bone blaok 1 Containing phospho- ) 

1 Muriate of potash. | rio acid and potash. 5 

C Dissolred bone blaok, 1 Containing phospho- ) 

2 Muriate of potash, rio aoid, potash and > 
C Sulphate of ammonia. 1 nitrogen. j 

I Fin. g ,o»nd b.o.....| *R5JaSSfc. 1 


38.8 
84.7 

101.8 

42.8 
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Mr. Moore's experiment furnishes a good illustration of the profit- 
able use of commercial fertilizers. As can be seen by calculating 
the cost of the fertilizers, this cost was not over half the value of the 
increase of crop in any case. The largest growth, though not the 
most profitable, was from the complete fertilizer. 



A. P. Starrett, Warren. 

Crop, corn. Soil, clay loam, a portion of an old, run-out mowing 
field. 



Plot. 

l 

2 



9 
10 



Fertiliser Applied. 



No fertilizer 

Dissolved bone blaok. 



; Dissolved bone blaek 
\ Muriate of potash 



C Dissolved bone blaek. , 

< Muriate of potash 

C Sulphate of ammonia . 



Fine ground bone. . . . 

No fertilizer 

Dissolved bone blaek. 



J Dissolved bone blaek. 
( Muriate of potash . . • 



f Dissolved bone blaek. . 
3 Muriate of potash . ... 
C Sulphate of ammonia . 

Fine ground bone 



a .2 o 



lbs. 



400 

400 ; 

100 ( 

400 
100 
100 

400 



400 

400) 
100 5 

400 
100 
100 

400 



II 

3: 

© o 
HO, 

lbs. 
2,085 

2,806 
11,015 

9,245 

1.185 
1,165 
1,725 

13,120 

13,740 
2,665 



Tield Per Aere. 



Grain. 



bush. 
11.9 

17.3 
73.9 

54. 

7.4 

6.5 

10.3 

78. 

75.4 
15.1 



Fodder. 



lbs. 
1,190 

1,510 
5,575 

6,245 

630 
680 
945 

7,270 

8,085 
1,530 
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Minn rarnuuR oonteol statiojT. 



Average. 



No fertiliser 

i Dissolved bone black, 

( Dissolved bone black, I 
i Muriate of potash. 

C Dissolved bone blaok, i 
J Aluriate of potash, 
C Sulphate of ammonia, | 

3 Fine ground bone .... 



Containing pha«- > 
phorie acta. $ 

Containing phos- 
phorie aoid and 
potash. 



Containing phos- 
phoric aeid, pot- 
ash and nitrogen, 

Containing phos- 
phoric aoid and 
nitrogen. 



-I 

n.) 



© o 



lbs 
1,625 

2,265 



12,067 



11,4*2 



1,926 



Tield Per 
Acre. 



Grain. Fodder. 



bosh 
9.2 


lbs. 
935 


13.8 


1227 


75.9 


6422 


64.7 


606o 


11.2 


1080 



Increase of 
yield otot 

plots with no 
Fertiliser. 



Grain. Fodder. 



bush. 



4.6 



66.7 



55.5 



2.0 



lbs. 



292 



6487 



6730 



146 



The results of Mr. Starrett's experiment are the most striking of 
any secured. They show how the application of a small quantity of 
a particular kind of plant food may cause abundant and profitable 
growth where otherwise the crop would be yery nearly worthless. 
These results also point in a marked manner to the necessity of ap- 
plying such ingredients to plant food as make good the deficiencies 
of the soil. When the bone black was used alone the crop was but 
little better than when no fertilizer was applied, but when this was 
combined with muriate of potash the crop increased eight-fold. 
Again, the further addition of a nitrogenous fertilizer to the mixture 
added nothing to the growth of the corn. 
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A. J. Tolmax, Rockland. 

Crop, oats. The experimental field had received no manure for 
several years. Soil, a dark loam. 



Plot. 



9 

10 



Fertilisers Applied. 



No fertiliser 

Dissolved bone blaek. 



J Dissolved bone blaek . 
I Muriate of potash • . . 



C Dissolved bone black . 
< Muriate of potash.. . . 
C Sulphate of ammonia. 



Pine ground bone . 
No fertiliser 



Dissolved bone blaek . 



; Dissolved bone blaok • 
; Muriate of potash • . . 



f Dissolved bone blaok . . 
? Muriate of potash . . . . 
C Sulphate of ammonia. • 

Fine ground bone 



Amount 

of Fertiliser 

Per Aere 



lbs. 



400 > 
100{ 



400 
100 
100 



400 

400) 
100$ 

400 
100 
100 

400 



Total 

Crop Per 

Aere. 



lbs. 
1,040 

1,180 
1,400 

1,820 

1,240 

860 

1,160 

980 

1,680 
1,220 



Average. 



No fertiliser 

Dissolved bone blaok, containing phosphoric aoid. 

C Dissolved bone blaek, I Containing phosphorie aoid 
( Muriate of potash, | at " 



(Dissolved bone Hack, 
< Muriate of potash, 
C Sulphate of ammonia, 



Containing phosphoric acid, ? 
potash and nitrogen. t 



Fine ground bone, containing phosphorie aoid and nitrogen . 
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Unfortunately in this experiment the weights of grain and straw 
were not obtained separately, only the total weight of crop being 
given, so that the production of grain on the several plots cannot 
be stated. Here, as in most other cases, the complete fertilizer was 
the most efficient. 



E. P. and A. C. True, So. Litchfield. 

Crop, corn and potatoes. Soil of experimental field well adapted 
to corn raising. Had received no fertilizer for thirty-five years. 




9 
10 



No fertiliser 

Dissolved bone black 



; Dissolved bone blaok. 
I Muriate of potash .... 



C Dissolved bone black.. 
J Muriate of potash . .. 
( Sulphate of ammonia. 

Fine ground bone 



No fertiliser 

Dissolved bone blaek . 



C Dissolved bone blaok., 
{ Muriate of potash .. .. 



' Dissolved bone black.. 

Muriate of potash .. .. 

[ Sulphate of ammonia 



Fine ground bone . 



400 

400 > 
100 5 

400) 
100 V 
100) 

400 



400 

400 > 
100$ 

400 
100 
100 

400 



8,400 
6,825 

8,400 

6,055 

Corn, 
lbs. 
7,630 

8,990 
14,060 

13,050 
9,870 



140. 
113.7 

140. 

100.9 

Grain, 

bash. 

57.5 

67.5 
93.7 

93.7 
64. 



Fodder, 
lbs. 
3,320 

3,920 
7,030 

5,980 
5,070 



The results of the Messrs. True's work are not so valuable as they 
would have been had all the plots been planted with the same crops. 
Nevertheless, the results show plainly that neither the corn nor pota- 
toes secured any larger crop from the application of a complete fer- 
tilizer than from the use of the mixture of bone black and potash 
salt. 

In the next table the results of the several experimenters are 
brought together for convenience of reference and comparison. 



MAINE FERTILIZER CONTROL STATION. 



63 



CO 


•«• 


u 


*3 


V 


*• 




fci 








o 


l-i 


% 


4> 


60 


b 


.5 






5 


i 


•v4 


5tf 


* 


5 



c 
1) 

s 

"C 

x 
W 

2 
"3 

o 

10 
4-* 

10 
0) 

K 

G 

1*4 

o 

CO 



•8 



1 



From Ground Bone 
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Grain 

or 
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1,000 

300 

2,240 


CO o 


o 
S3 



.8.-8 

a J £ 



P 9 



5 c 



*p 

HO 



1- 









2 oo <» 



gONO o o 
CO CO C4 © »o 

r*»o6>iQ COCO* 



51! 3 
2.2 S 

it* 

*8 



1*3 



*7 



.5 2 La« 
C o>£ poo 



So *- o 
•*« oo -* 

o» ia -*• r- 



•ag. *m 



0>ONO Oifl o 
co©-*co f-£ co 



3 



'■Joqnx 

JO Til It J fl 



^8 



17 



ooe 
CO «r C 

»-• w c 



© o 

•J© 



co © 
«* © 



It 



© «o < 

00© ' 

«oo c 



e« •-• c* e* 



I' 



S- 2 






£ 
I* 

(28 

•Si 

«H 



ft:S 

g :s 



ah . 

as «a 52 



60 « 4» . 

,S« ©» 



•5 

MO o 

ooQ no 

X • 

o o g 

§ 2 £ 

^ § 






64 haute wwxrasxaai oowtmol station. 



Comments ok Fertilizer Experiments. 

The results of fertilizer experiments for a single year admit of 
scarcely any general conclusions, yet on some points these experi- 
ments by farmers strongly corroborate the testimony of practice. 

(1) A moderate quantity of a commercial fertilizer does in some 
instances produce a large increase of crop. 

(2) This increase of crop for a single season varies greatly with 
the locality. 

(3) A complete fertilizer, t. e., one consisting of a mixture of 
nitrogenous, phosphatic and potash fertilizers, is the safest manure 
with which to insure a crop, but is often much less profitable than a 
fertilizer not containing one or two of the three valuable ingredients. 
This fact is illustrated in a striking manner by the results of Mr. 
Starrett's experiment, where the crop was increased nearly eight-fold 
by the use of a mixture of phosphatic and potash manures, no fur- 
ther increase being secured by the addition of sulphate of ammonia 
to this mixture. 

(4) Except in the case of Mr. Deering's experiment, where the 
land was in excellent condition, the ground bone failed to furnish 
plant food as readily as the other materials used. 



FOODS. 

(a) ANALYSES OF FEEDING STUFFS. 

The following is a list of the feeding stuffs analyzed by the Sta- 
tion within the year : 

2 samples Timothy hay, 



2 < 


Clover " 


1 4 

2 * 


4 Oat straw, 
* Potatoes, 


2 * 

2 * 
1 * 


' Cotton-seed meal, 
( Linseed meal, 
* Patent cattle food, 


1 4 
1 4 

1 * 


4 Beef scraps, 
* Pork scraps, 
4 Dried blood. 
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The most of these feeding stuffs are those used in the digestion 
and feeding experiments reported farther on. 

Explanations. *The analysis of any plant or animal substance 
with reference to its use as a cattle food does not go so far as to de- 
termine the percentage of every single ingredient in the material 
analyzed, but only aims to learn the percentages of certain classes 
of compounds, the members of each class having a close resemblance 
in composition and in nutritive effect. Thus we have in all fodder 
tables several columns of figures headed by the following terms : 
Water, Ash, Protein, Crude Fiber, Nitrogen-free* Extractive Matter, 
and Fats. As these terms are in constant use, not only in this re- 
port but in all agricultural literature, they are made the subject of 
such explanations as seem necessary in order to show their relation 
to animal nutrition. 

The water or moisture of cattle foods, of which all contain more 
or less, is measured by the loss of weight which takes place when 
the substance is dried for some time at the temperature of boiling 
water, or 212° Fahrenheit. The percentage of water is very large 
in green crops, and comparatively small in all dried materials. In 
all feeding stuffs which exist in the air-dry condition, the percentage 
of moisture varies greatly according to the state of the atmosphere, 
so that in rainy or moist weather a given quantity of hay or grain 
that is at all exposed to the air will weigh considerable more than 
during a time of dryness. Freshly cured hay and newly harvested 
grain contain much more water than old hay and grain, the differ- 
ence being an important consideration in buying or selling by weight. 
While the water in cattle foods has no nutritive value above water 
that an animal drinks, its presence or absence often has a marked 
influence upon the palatableness of feeding stuffs. 

The os/i, or mineral part of any food stuff, is that which is left 
after the combustible portion is burned away, and includes quite a 
number of compounds. The amount of ash in plants is influenced 
in a marked manner by their age, and conditions of growth, such as 
locality, kind of manuring, &c. The mineral compounds of cattle 
foods fill an important place in furnishing the material for building 
up the bony framework of the animal. 

Protein (or albuminoids) is a collective term that includes quite a 
variety of compounds, which are distinguished from the members of 



•These explanations are quoted from the last report for the same reasons that seemed to 
justify the repetition of the explanations in regard to fertilizers. 
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the other important classes of substances in feeding staffs by the 
fact that they contain nitrogen. 

Such compounds as egg albumen, the muscular tissue of animals 
and the caseine of milk are albuminoids, and to these animal sub- 
stances the albuminoids of plants bear a close resemblance both in 
chemical properties and in food value. The protein of feeding 
stuffs cannot be directly determined with accuracy. The estimation 
is an indirect one, and is based upon the fact that all albuminoids 
contain approximately 16 per cent of nitrogen. If, therefore, the 
percentage of -nitrogen in any feeding stuff be multiplied by 6.25, 
the percentage of albuminoids is obtained with sufficient accuracy 
for all practical purposes. The important and peculiar office which 
albuminoids fill in serving the uses of the animal kingdom is that 
they constitute the only source of material for the formation of 
muscular tissue, hair, horn, caseine, etc., etc. 

Plants contain other nitrogenous compounds called amides that 
occur most abundantly in fodder and root crops, the amount varying 
in the former at different periods of growth, while in the grains the 
nitrogen exists almost wholly in the form of albuminoids. Fodder 
tables generally give as the percentage of protein the product of the 
total percentage of nitrogen by 6.25. 

A given amount of protein as stated for hay in tables of fodder 
analyses is not quite the same thing, therefore, as the same amount 
occurring in the grains, because in the former case much more of the 
nitrogen belongs to the non-albuminoid, or amide form. 

The true value of amides in animal nutrition is not well defined. 
That they are wholly like albuminoids in office seems hardly probable, 
at least previous investigations do not show this. 

Crude Jiber is the woody part of plants, and is that which remains 
undissolved after treating vegetable substance with weak acids and 
alkalies. Paper and cotton fiber are good examples of nearly pure 
crude fiber. 

The nitrogen-free extractive matter includes all the non-nitrogenous 
compounds of feeding stuffs, excepting crude fiber and the fats, the 
most important and abundant members of this class being starch and 
sugar. 

The fats or vegetable oils are extracted from plant substance by 
ether, which also takes out more or less chlorophyl, wax, etc., es- 
pecially in the case of hays and coarse fodders. Olive, linseed and 
cotton-seed oils are good examples of vegetable fats. 
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The starch, sugar and fats can play no part in the formation of 
flesh or the caseine of milk, but are alike in being a source of ani- 
mal fat and heat. 

Digestibility of feeding stuffs. The composition alone of any feed- 
ing stuff is a very imperfect standard by which to judge its food 
value. Of the food consumed by an animal, only that portion which 
is digested, i. e., that which is dissolved by the several digestive fluids 
and passes into the blood, can serve to maintain the vital functions, 
or to produce growth. Consequently, certain cattle foods, by being 
much more digestible than others, are much more completely utilized. 
The main facts pertaining to digestibility are presented farther on 
under the head of ' 'Digestion Experiments," and the method of ap- 
plying a knowledge of the composition and digestibility of feeding 
stuffs is shown in discussing the feeding experiments. 

XXIII. Timothy hay, from grass grown in Orono, two weeks past bloom, used in 

digestion and feeding experiments. 

XXXIII. Timothy hay, same lot as XXIII. 

XXIV. Clover hay, alsike olover, grown in Orono, mixed with a Timothy, out 

when partly out of full bloom ; used in digestion and feeding experi- 
ments. 
XXXVII. Clover hay, same lot as XXIV. 

XXVII. Oat straw, from College farm, used in digestion and feeding experiments. 
XXX. Potatoes, purchased in the market, used in digestion and feeding experi- 
ments. 

XXXII Potatoes, same lot as XXX, analyzed after boiling, used in same way. 

XXVIII. Cotton-seed meal, sampled in Lewiston and sent to Station by A. C. 

Chandler, New Gloucester. 

XXXV. Cotton-seed meal, purchased in Bangor for use in feeding experiments. 

XXIX. Linseed meal, sampled at Lewiston and sent to Station by A. 0. Chandler, 

New Gloucester. 

XXXIV. Linseed meal, purchased in Bangor for use in feeding experiments. 

XXV. Beef scrap, residue after extraction of the fat by heat and pressure, used 

in feeding experiments. 

XXVI. Pork scrap, residue after extraction of the fat by heat and pressure, used 

in feeding experiments. 

XXXVI. Dried blood, a fine specimen, used in feeding experiments. 

The samples of hay and straw were obtained by chopping very 
fine from fifty to seventy-five pounds of the material with a hand 
cutter, mixing the whole thoroughly, and then selecting the portion 
to be ground for analysis. 
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Notes on the Above Analyses. 

(1) The somewhat low percentage of protein in the case of all the 
hays is explained by the ripeness of the grass before catting. 

(2) The cooking (steaming) of potatoes did not affect materi- 
ally either their weight or composition. Samples XXX and XXXII 
are from the same lot of potatoes, the former being analyzed before 
boiling and the latter after. The quantity of potatoes cooked by 
"steaming" them was 1000 grams, which after cooking and while 
hot weighed 1022 grams, and after cooling 995 grams, the loss being 
due to evaporation of water while cooling. The composition of 
the dry substance of the raw and boiled potatoes is seen to be 
practically the same. 

(3) A number of inquiries have been received as to the relative 
value of cotton-seed meal and linseed meal, as now found in Maine 
markets, for feeding purposes. With a view to answering these in- 
quiries several samples of these two cattle foods were collected from 
lots offered for sale in the State, the analyses of which are given 
above. 

These analyses indicate that these two feeding stuffs as now sold 
in this State are of good quality. The linseed meal is evidently "old 
process" in which quite a percentage of oil still remains. 

The two meals differ chiefly in the amount of protein or nitrogen- 
ous material which they contain, the cotton-seed meal having an 
average in these cases of twelve (12) per cent more than the lin- 
seed meal. The fat is about the same in both, but the linseed meal 
contains more carbohydrate material (starch, sugar, etc.,) this 
largely taking the place of the excess of protein in the cotton-seed 
meal. Nevertheless, both foods are highly nitrogenous, and take 
practically the same place in the ration. Both are valuable as a sup- 
plement to the home raised foods that are poor in protein, such as 
straw, poor hay, corn fodder, etc. , the cotton-seed meal having some 
advantage over the linseed in this respect. 

(4) The beef and pork scraps are seen to be highly nitrogenous, 
i. e., they contain about 57 per cent of albuminoids. Such waste 
products are valuable as a poultry food and at the price paid for the 
lots from which these samples were taken, viz., 2£ cents per pound, 
they can be purchased with profit. 

(5) The Royal stock food cattle cake was sent to the Station for 
analysis by Messrs. E. W. Blatchford & Co., Chicago, 111. This 
cake appears to be a sweet, clean food, prepared by mixing several 



70 MAINE FERTILIZER CONTROL STATION. 

waste products that are valuable as concentrated cattle food. So 
far as analysis can determine, the cake ranks in value with linseed 
meal containing the minimum percentages of protein and fat. 

Skimmed Milk and Buttermilk vs. Corn Meal, Bran, Ac. 

The following is a record of correspondence with A. C. Chandler, 
Esq., of New Gloucester, in regard to the relative feeding value of 
several feeding stuffs. Mr. Chandler wrote as follows : 

New Gloucester, Maine, October 21, 1886. 
Will you please give me the component parts of skimmed milk and of but- 
termilk? Also please give me the nutritive or feeding values of skimmed 
milk and buttermilk for swine as compared with corn meal, barley meal, 
bran middlings, Ac, Ac. I want to know what buttermilk is worth as 
compared with other foods for hogs and pigs, 

lUply. "The average composition of skimmed milk, buttermilk, corn 
meal, and wheat bran is as follows : 

In 100 pounds there is found 
Dry matter, Protein,* Carbohydrates, Fat. 

Skimmed milk 10. lbs. 3.5 lbs. 5.0 lbs. 0.7 

Buttermilk 9.9 " 3.0 " 5.4 " 1.5 

Cornmeal 85. " 9.09" 70.76" 4.63 

Wheat bran 83. " 14.82" 63.67" 3.67 

The above figures represent the average composition of these foods. 

As can be seen by these figures it takes not far from eight and one- 
half pounds of skimmed milk or buttermilk to furnish as much dry mat- 
ter to the animal as one pound of either corn meal or wheat bran. This 
dry matter differs in its digestibility in the several cases. While the ani- 
mal digests practically all of the compounds of skimmed milk or butter- 
milk, only about nine-tenths of the dry matter of corn meal is digested, 
and three-fourths of the dry matter of wheat bran, so that about 7.5 
pounds of either kind of milk will furnish about the same amount of di- 
gestible material as one pound of corn meal, the relation in the case of 
the milks and wheat bran being as 6.6 is to 1. 

It should be noticed, further, that the milk does not contain the several 
food ingredients in quite the same relative quantities that the grains do. 
Seven hundred fifty pounds of skimmed milk would furnish 75 pounds of 
digestible matter, 26.25 pounds of which would be protein (nitrogenous ma- 
terial) , and 42.75 pounds fat and sugar. One hundred pounds of corn meal 
would, on the other hand, furnish about 75 pounds of digestible material 
(the same amount as the 750 pounds of skimmed milk), only 8.2 pounds 
of which would be protein, and 65 pounds of which would be carbohy- 
drates (starch, sugar, &c). The fact that the milks furnish a larger rel- 

•Moftlr CMrin. 
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ative amount of protein than do the grains is in their favor in the com- 
parison. 

As to the possibility of making exact comparisons between different 
kinds of food, you are referred to page 76 of the last report ot the Station, 
a copy of which is sent with this. Nevertheless, the above comparisons 
have a great deal of meaning when we consider the value of foods for 
general use." 

Swale Hay vs. Timothy Hay. 
Later, Mr. Chandler made the following inquiries in regard to 
swale hay and Timothy hay : 

In the report of the Maine Board of Agriculture for 1880 on page 166, 1 
find the analysis of bog hay or fresh marsh hay. Is that the same thing as 
New Gloucester swale hay? In this table on page 166 the standard of 
comparison is meadow hay. Please tell me just what is meant there by 
"meadow hay." If meadow hay there means first-class, No. 1, Herd's- 
grass or Timothy hay, I am surprised to see the money value of bog hay 
for feeding put at .90 when the market value is usually just about one-half 
the value of good hay. 

Beply. u The analyses to which you refer probably fairly represent the 
composition of New Gloucester interval hay, taken as a whole. 

It is very probable that in comparing the feeding value of Timothy 
hay and low meadow hay, farmers allow too high a value to Timothy hay. 
But this is opinion merely. 'Meadow hay' as given in fodder tables means 
hay from upland grasses— mixed grasses as we ordinarily find them mixed. 
The composition of 'meadow hay' (English grasses) does not differ greatly 
from the composition of pure Timothy, as you can see by any complete 
table of analyses. So far as mere composition is concerned, the grasses 
of the New Gloucester 'interval' are nearly if not quite equal to Tim- 
othy, and if we find them to be as digestible as Timothy, there is no 
reason why the latter should be of greater feeding value. The digesti- 
bility is the point concerning which we need more information, in order 
to make a comparison. Palatableness is often the criterion by which the 
nutritive value of a fodder is judged, but this is not a correct standard. 
Many farmers regard Timothy hay as a fodder whose value for consump- 
tion on the farm is much below its market price, and acting upon this be- 
lief they sell all their Timothy hay and feed the low-ground hay. With 
the prices of the two kinds of hay as 2 to 1, this is undoubtedly good bus- 
iness policy." 

(6) DIGESTION EXPERIMENTS. 

The work of ascertaining the digestibility of some of our common 
cattle foods, which was begun in 1885-6, has been continued in 1886- 
7. This work has had for one object the determination of the coeffi- 
cients of digestibility of several feeding stuffs, but at the same time 
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the opportunity has been improved for comparing the results obtained 
for protein by artificial digestion with those reached by the use of 
animals, and also of testing one or two generally accepted conclu- 
sions in the light of recently acquired knowledge. For the results 
of this comparison see "Laboratory and Experimental Methods." 

The foods with which digestion experiments have been made are 
Timothy hay, clover hay, oat straw and potatoes. The animals 
used were two full grown wether sheep, which were confined during 
the time of each experiment in stalls that allowed perfect freedom of 
motion so far as lying down and moving forward and backward, but 
which were so narrow that the sheep could not turn around. The 
finely chopped food was fed in such a manner as to insure against 
loss, and the solid excrement was collected in the usual way by at- 
taching a rubber bag to the animal by means of a light harness. 

For the sake of convenience and completeness, the following ex- 
planations are offered for the second time : 

The main facts of digestion, and those upon which the methods of di- 
gestion experiments are based, are the following : A portion of the food 
which an animal eats is dissolved by the several digestive fluids with which 
it comes in contact, viz., the saliva, gastric juice, pancreatic juice, etc. 
That which is dissolved, or digested, is absorbed by certain vessels 
which are distributed over the lining of the stomach* and intestines, passes 
into the blood, and is then used to maintain and build up the animal body. 
The undissolved or undigested portion of the food is carried along the 
alimentary canal, passes from the body as the solid excrement or dung, 
and constitutes that part of the food which is useless for the purposes of 
nutrition. The method of ascertaining the digestibility of any cattle food 
is simple in principle. An animal is fed a weighed quantity of food, of 
which the composition is determined by analysis. The solid excrement is 
collected, weighed and analyzed, and the amount digested is the difference 
between that which is fed and that which is excreted. From the data 
thus obtained is calculated the percentage that is digested of each ingre- 
dient, these several percentages being called the coefficients of digestibility. 
As the process of digestion is slow, it is necessary to feed the animal on 
the weighed ration several days before collecting any excrement, in order 
that the contents of the intestines may become wholly freed from the res- 
idue of the previous food, so that the dung collected shall come wholly 
from the food tested. On account of the irregularity with which dung is 
voided, it is collected for several days, and from the total amount the av- 
erage for one day is calculated. 

DIGESTIBILITY OP TIMOTHY HAT. 

This hay was from grass that grew on the College farm and that 
had^stood about two weeks after the period of full bloom. It was 
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riper, therefore, than much Timothy hay that is fed, and undoubtedly 
proved to be somewhat less digestible than it would have been if cut 
earlier. The amount fed daily was 700 grams, or about 1£ pounds, 
to each animal. 

For composition of the hay, see sample XXIII in previous table of 
fodder analyses. The composition of the water-free dung from each 
animal was the following : 



Sheep 1 
Sheep 2 



Ash. 



5.91 
5.62 



Protein. 



7.84 
7.36 



Crude Fiber. 



37.58 
39.40 



Nitrogen- 
free Extrac- 
tive Matter. 



Fats. 



45.80 
44.97 



2.87 
2.72 



From the weights of food and dung and the composition of each 
are calculated the digestibility of the ha} 7 in the case of each sheep, 
in the manner shown by the following tables. The weighed ration 
was fed for twelve days, during the last ^ve of which the dung was 
collected. 



Tables Showing Digestibility of Timothy Hay. 
Sheep 1. 



Fed, 700 grams Timothy hay, daily, 
Excreted, 741.8 grams dung, daily . 

Digested 

Per cent digested 
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Nitrogei 
Bztraoti 
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Grams. 


Grams. 


Grams. 


Grams. 


Grams. 


620.6 


594.6 


41.6 


202.2 


331.9 


288.4 


271.3 
323.3 


22.6 


108.4 


132.1 


332.2 


19.0 


93.8 


199.8 


53.5 


54.4 


45.6 


46.4 


60.2 



Fed, 700 grams Timothy hay, daily. 
Bxoreted, 781 grams dung, daily . . . 

Digested 

Per oent digested 



Average digestibility of hay with 
both sheep (per oent) 



Sheep 


2. 








620.6 


594.6. 


41.6 


202.2 


331.9 


312. 


294.8 


22.9 


122.9 


140.5 


308.6 


299.8 


18.7 


79.3 


191.4 


49.7 


50.4 


44.9 


39.2 


57.7 


51.6 


52.4 


46.2 


42.8 


58.9 



Gram 8. 
18.7 

8.3 

10.4 

55.6 



18.7 

8.6 

10.2 

64.5 

65.0 
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Digestibility op Clover Hat. 

The hay from which the lot used in this trial was taken contained 
a very little Timothy. The clover was cut when partly out of bloom, 
and was dried thoroughly and stored in good condition. The amount 
fed daily to each animal was 700 grams or 1.5 pounds, except that 
in repeating the trial with sheep 2, 600 grams were fed. For com- 
position of the hay reference is made to sample XXIV in the pre- 
vious table of fodder analyses. 

Below is given the composition of the water-free dung from each 
animal : 



Sheep 1 

Sheep 3 

Sheep 2 (seeond trial) 



Ash. 



8.63 

9.00 

10.67 



Protein. 



10.44 
10.40 
12.40 



Crude Fiber. 



41.76 
42.60 
37.63 



Nitrogen- 
free Extrac- 
tire Matter. 



35.56 
34.50 
36.14 



Fat. 



3.61 
3.50 
3.26 



The next tables show the results of the experiment with both sheep, 
as calculated from the data obtained. The trials were continued for 
the same time as in the experiment with Timothy hay, with the ex- 
ception that in the second trial with sheep 2 the solid excrement was 
collected for six days. 



Tables Showing the Digestibility of Clover Hay. 
Sheep 1. 



Fed, 700 grami Clorer hay, daily.. . . 
Exoreted, 677.6 grams dung, daily. . 

Digested 

Per oent digested 



1 

00 

.a 



GQ 



622.3 
276.3 



346.0 
55.5 



3 

o 

1 



578.4 
252.5 



325.9 
56.4 
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I 



70.4 
28.8 



41.6 
59.1 
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Nitrogen-f 
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212.5 


274.7 


115.4 


98.2 


97.1 


176.5 


45.7 


64.2 



21.8 
10.0 
10.8 
51.8 



MAINE FERTILIZER CONTROL STATION. 



75 



Sheep 2. 





1 

1 

eg 


u 

9 

3 

JO 

O 
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Fed, 700 grams Clover hay, daily . . . 


622.3 


578.4 


70.4 


212.5 


274.7 


20.8 


Bxereted, 596.8 grami dung, daily... 


280.3 


255.1 


29.5 


119.4 


96.7 


9.8 


Digested 


342.0 


323.3 


40.9 


93.1 


1780 


11.0 


Per cent digested 


54.9 


55.9 


58.1 


43.8 


64.8 


52.9 



Sheep 2. (Second trial.) 



Fed, 600 grams Clorer hay, daily. . , 
Exereted, 867 grams dung, daily . . . 

Digested 

Per cent digested 



Average digestibility, clover hay, 
three trials (per cent) 



538.9 


500.8 


59.9 


180.9 


242.1 


245.6 


219.4 


30.4 
29.5 


92.2 


88.8 


293.3 


281.4 


88.7 


153.3 


54.4 


56.2 


49.3 


49.0 


63.3 


54.9 


56.2 


55.5 


46.2 


64.1 



17.7 
8.0 
9.7 

54.8 

53.2 



Digestibility op Oat Straw. 

The straw used in the trial was from the general lot raised on the 
College farm. 

In order to secure complete consumption of the ration only 350 
grams (about | pound) was fed daily to each animal. For this rea- 
son the results are not satisfactory for the protein, for reasons given 
later in this report. There are no known facts which justify the 
supposition that the smallness of the ration would affect to any serious 
extent any of the coefficients of digestibility except those for the 
protein and fat, therefore the results are given as obtained. The 
composition of the water-free dung follows : 
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Alh. 



Protein. 



Crude Fiber. 



Nitrogen- 
free Extrac- 
tive Matter. 



Fat. 



Sheep 1 
Sheep 2 



7.46 
7.14 



8.97 
8.45 



35.24 
36.47 



44.05 
43.79 



4.29 
4.15 



In the tables which follow no figures are given for the digestibility 
of the protein, for the amount of nitrogen in the dung was more 
than that contained in the food given. 



Tables Showing the Digestibility of Oat Straw. 
Sheep 1. 





I 

00 

.a 


2 
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o 
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.a 
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E Nitrogen-free 
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Fed, 350 grams oat straw, daily .... 


315.0 


302.1 


12.5 


132.1 


10.7 


Excreted, 419 grams dang, daily.... 


160.5 


148.6 


14.4 


56.5 
75.6 


70.7 


. 6.9 


Digested 


154.5 


153.6 


—1.9 


76.1 


3.8 


Per cent digested 


49.0 


50.8 




57.2 


51.8 


35.5 



Sheep 2. 



Fed, 350 grams oat straw, daily... 

Excreted, 410 grams dang, daily . . . 

Digested 

Per oent digested 

Average digestibility of straw with 
both sheep (per oent) 



315.0 


302.1 


12.5 


132.1 


146.8 


152.2 


141.3 


12.8 


65.5 


66.6 


162.8 


160.8 


—0.3 


76.6 


80.2 


51.7 


53.2 


- 


68.0 


54.6 


50.3 


52.0 


T 


57.6 


53.2 



10.7 
6.3 
4.4 

41.1 

38.3 
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Digestibility op Potatoes. 

Many tables giving the digestibility of feeding stuffs mention 
no coefficients of digestibility for tubers and roots, on the ground 
that they can be considered as practically completely digestible. It 
is not clear why this distinction is made in the case of tubers and 
roots when corn meal or some of the concentrated bye-fodders are 
but little if any less digestible. 

Again, the conclusion was reached some time since by German in- 
vestigators that the effect of feeding large quantities of tubers or 
roots in connection with coarse fodder is to seriously depress the di- 
gestibility of the coarse fodder, especialty of the protein and crude 
fiber. Recent investigations in Germany, and some limited experi- 
ments made at this Station, seem to warrant a doubt whether this 
conclusion should not be modified. 

The above considerations are discussed more fully on subsequent 
pages. In this connection there are only given the figures reached 
for the digestibility of the potatoes by the method adopted. These 
digestion trials with coarse fodder and potatoes were made for the 
purpose of studying the so-called depression of digestibility of the 
coarse fodder due to the potatoes, and not for the simple purpose of 
ascertaining the digestibility of potatoes, for in the latter case the 
method of procedure would have been different. The figures reached 
are undoubtedly somewhat too low for all the constituents of the po- 
tatoes, especially for the protein. 

In these trials the plan adopted was to feed with the potatoes one 
of the coarse fodders, the digestibility of which had previously been 
determined by feeding to the same animals. Knowing the digesti- 
bility of the total ration, and of one of its constituents, viz., the 
coarse fodder, it is possible to calculate the digestibility of the po- 
tatoes. Trials were made with two sheep, Nos. 1 and 2, using oat 
straw and potatoes, and with sheep No. 2, using Timothy hay and 
potatoes. The analyses of these foods are given previously, Nos. 
XXVII, XXXIII, XXX and XXXII in the table of fodder analy- 
ses. 

22 
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Below can be seen the composition of the water-free dung. 



Sheep 1, oat straw and potatoes.. . 
Sheep 2, «« " " 

Sheep 2, Timothy hay and potatoes. 






7.85 

6.93 

10.67 






13.45 
12.78 
12.40 






I 



35.67 
34.22 
37.53 



® M * 

25 «M *» 



39.29 
42.65 
36.14 



3.74 
3.42 
3.26 



From the composition and weights of the food and excrement is 
calculated the total digestible matter in the ration. From this is 
subtracted the digestible matter belonging to the coarse fodder, as 
previously determined, and the remainder is the amount of digesti- 
ble material supplied from the potatoes. These calculations are 
clearly shown in the tables which follow. ■ 



Tables Showing the Digestibility op Potatoes. 
Sheep 1. 
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26.4 


J 

1 

O 
132.1 
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Nitrogen-free 
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Fed, 350 grams oat straw 


315. 
242.4 


302.1 
234.2 


146.8 
200.8 


10.7 


Fed, 1000 " raw potatoes 


1.3 


Total fed 


557.4 
213.8 


536.3 
197.0 


38.9 

28.8 


137.7 

76.2 


347.6 
84.0 


12.0 


Excreted, 762 grams dang 


8 






Total digested. 


343.6 
154.5 


339.3 

153.5 

185.8 

79.3 


10.1 

—1.9 

12.0 

45.4 


61.5 
75.6 


263.6 
76.1 


4.0 


Digested from oat straw 


3.8 






Digested from potatoes 

Per cent digested from potatoes .... 


189.1 
78.. 


- 


187.6 
93.4 


.2 
13. 
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Sheep 


2. 












1 

Jo 

eg 


i 

o 

*S 

«s 

8P 
o 


a 

S 

© 

M 

04 


• 


t 

m 

feds 




Fed, 350 grams oat straw 


315. 
242.4 


302.1 
234.2 


12.5 
26.4 


132.1 
5.6 


146.8 
200.8 


10.7 


Fed, 1000 •« potatoes 


1.3 






Total fed 


557.4 
215.8 


536.3 
200.8 


38.9 
27.6 


137.7 
73.8 


347.6 
92.0 


12.0 


Excreted, 862.4 grams dang 


7.4 


Total digested 

Digested from oat straw 


341.6 
162.8 


335.5 
160.8 


11.3 
—0.3 


63.9 
76.6 


255.6 
80.2 


4.6 
4.4 


Digested from potatoes 


178.8 
73.3 


174.7 
74.6 


11.6 
43.9 


T 


175.4 
87.3 


.2 


Per cent digested from potatoes . ... 


13. 



Sheep 2, 

Fed, 50O grams Timothy hay I 463.2 435 . 8 

Fed, 1,000 grams potatoes, boiled. . J 246.3 237.5 

Total fed 699.5 

Excreted, 852 grams dung 277 . 

Total digested 422.5 

Digested from Timothy hay 225.1 

Digested from potatoes 197 . 4 

Per oent digested from potatoes .... 80. 1 



673.3 
260.9 



412.4 
219.6 



192.8 
81.2 



25.9 
26.3 
52.2 
29.2 



23.0 
11.6 



11.4 
43.4 



143. 
6.8 



149.8 
101.3 



38.5 
56.0 



252.6 
203.6 



456.2 
122.8 



333.4 
145.7 



187.7 
92.1 



14.3 

.7 

15.0 

7.6 

7.5 

7.8 



Sheep 1, potatoes fed raw . . . 

Sheep 2, " " " ... 

Sheep 2, M '< boiled. 

A rerage 



Average* 



78. 


At 


73.3 


74.6 


80.1 


81.2 


77. 


78.4 



45.4 
43.9 
43.4 



44.2 



93.4 
87.3 
92.1 



0.9 



13. 
13. 

13. 
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Summary and Discussion of Digestion Experiments. 

Below can be seen, brought together in one table, the percentages 
or coefficients of digestibility as determined from the data of the 
preceding experiments. 



Dry Substance 

Organic Matter 

Protein 

Crude Fiber 

Nitrogen-free Extractive Matter 
Fat 



Coefficients of Digestibility for 



►» 








c9 

m 


& 


* 




# 


m 


g 


m 
© 
O 


a 


o 


QQ 

o8 


08 
■*» 
© 


H 


O 


o 


£< 


51.6 


54.4 


50.3 


77.0 


52.4 


56.2 


52.0 


78.4 


46.2 


55.5 


T 


44.27 


42.8 


46.2 


57.6 


T 


58.9 


64.1 


53 2 


90.9 


55. 


53.2 


38.3 


13. T 



The above figures are the answers to actual inquiries made of the 
animal as to the availability of the ingredients of the several foods 
for the purposes of nutrition. The meaning of these figures is plain. 
They mean, in the case of the clover hay for instance, that of each 
hundred pounds of dry substance fed 54.4 pounds were dissolved out 
by the digestive fluids, and that 45.6 pounds passed out of the ani- 
mal unused, or that of each 100 pounds of crude fiber in the hay, 
only 46.2 pounds were retained for use in the animal body. Except 
for the protein and fats, the above figures are undoubtedly a 
close approximation to what they should be, the small error in- 
volved being relatively the same in all cases. The percentages given 
for the protein and fats are too small, the relative error in this direc- 
tion being greater the less the quantity of protein and fat in the 
foods. ^The nature and extent of these errors are discussed later.) 
For instance, the protein of the Timothy hay appears to be much less 
digestible than the protein of the clover hay. Sufficient facts are 
well established to warrant the statement that part of this difference 
at least is apparent rather than real, from the fact that as the Tim- 
othy hay contains but little over half as much protein as the clover 
hay, the percentage error in determining the digestibility of this in- 
gredient is much laTger in case of the Timothy. 
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Comparison of Timothy and Clover Hays. 

It appears from the above figures that the dry substance of the 
Timothy hay proved to be nearly as digestible as that of the clover. 
Moreover, the digestibility of the several ingredients is not re- 
markably unlike in the two hays. There is, however, an important 
difference in the amount of certain kinds of material that was di- 
gested, which is due to the unlike composition of the hays. The 
small lots of hay used in the digestion experiments were selected to 
represent as nearly as possible large lots of hay that were in each 
case the product of one acre. An acre of pure Timothy grass and 
an acre of nearly pure alsike clover were cut and stored separate^. 
The two lots were weighed when housed, and again on Dec. 20th. 
We have therefore the following data, from which we can reckon 
the amounts of digestible material of various kinds, per acre : 

(1) The composition of the dry hays. 

(2) The digestibility of the several ingredients of the hays. 

(3) The production of dry hay per acre. 

The composition of the hays as shown in the previous fodder 
analyses is given in this connection. m 



Dry Substance 

Organic Matter 

Protein 

Crude Fiber 

Nitrogen-free Extractive Matter . . 
Fat 



Contained in 100 lbs. of 






a 



lbs. 
88.66 

84.91 

5.91 

28.89 

47.41 

2.67 



a 

► 

O 

6 



lbs. 
88.90 

82.63 

10.06 

30.36 

39.24 

2.97 



Digested from 100 lbs. of 



a 



a 



lbs. 
45.7 

44.5 

2.7 

12.4 

27.9 

1.4 






lbs. 
48.3 

46.4 

5.6 

14 

25.2 

1.5 



The yield of dry hay from the acre of Timothy was 3875 pounds, 
and from the acre of clover, 4075 pounds, the difference being only 
two hundred pounds. They were representative lots of grass with 
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high cultivation. Here follow the quantities of digestible material 
per acre : 



Dry Substance 

Organic Matter 

Protein 

Crude Fiber 

Nitrogen-free Extractive Matter. 
Fat 



°°.* 



a 6 * 

© K 

* s 


8£ 


lbs. 
1,770.8 


lbs. 
1,968.2 


1,724.4 


1,890.8 


104.6 


228.2 


480.5 


570.9 


1,081.1 


1,026.9 


64.2 


61.1 



The chief difference in the digestible material furnished by the 
two kinds of hay is that the clover supplies over twice as much di- 
gestible protein as the Timothy. The comparison of these hays is 
discussed in detail and at some length, because from Timothy and 
clover comes the bulk of the hay raised and consumed in Maine, and 
a clear understanding of the relative value of these fodders is im- 
portant. 

Oat straw. The digestibility of the organic matter of the oat 
straw seems to have been but little less than was the case with the 
hays. The conditions of the trials were not favorable to the most 
accurate results, especially for protein and fat.* 

(c) FEEDING EXPERIMENTS. 

The most important question connected with the practice of cattle 
feeding, and one which for some years has received a great deal of 
attention from investigators and practical men, broadly stated, is 
this : ' 

Is it possible to cheapen the cost of meal and milk by so mixing 
a variety of cattle foods in the ration as to secure certain definite 



♦The digestibility of the potatoes and the^flfecTonfeedinff them with coarse fodder v 
digestibility of the coarse fodder might Mdperly be discusseal^re, only that this cpn be more 
clearly ana^smveniently done afterjj»€arrangement of certain analytical data^grven later un- 
der the head of expenmfintal^otethods. 
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relations in the quantities of nutritive ingredients consumed, or are 
equally favorable results obtained by feeding in a hit-or-miss fashion 
such feeding stuffs as are conveniently at hand, or which the market 
seems to afford at the least cost per pound ? 

This question is equivalent to the inquiry whether in determining 
the purchasing power of one dollar the kind of food should not be 
considered as well as the weight, as for instance, whether in a given 
case the dollar should be expended for corn meal or cotton-seed 
meal, at the same ton price. 

We have given in the German feeding tables certain definite stand- 
ards according to which rations are to be compounded for animals 
of different kinds under varying conditions. 

It is not claimed by any prominent agricultural chemists, and has 
not been for years, that these standards should be strictly followed 
in order to secure the best results from a given amount of food, but 
being the result of extended scientific investigations they certainty 
have some significance, and are regarded by conservative men who 
have given them considerable study as teaching some important 
truths and as suggesting a rational system of practice in cattle 
feeding. 

In planning the feeding experiments conducted at the Station an 
attempt has been made to so shape many of them as to give infor- 
mation on the above general question. The dairy products of Maine 
are largety manufactured from purchased foods, and so this inquiry 
is one of great practical importance. 

The experiments here reported have reference also to certain other 
points pertaining to the economy of feeding, such as methods of 
preparation of food, &c. 

On subsequent pages will be given the results of feeding experi- 
ments designed to give information on the following points : 

(1) Cotton-seed meal (or linseed meal) vs. corn meal for milk 
production. 

(2) The use of cotton-seed meal (or linseed meal) in producing 
growth. 

(3) The relation of the quantity of the ration to the profits of 
feeding for growth. 

(4) The use of straw in feeding for growth. 

(5) Whole corn vs. corn meal. ; 

(6) Corn meal vs. corn-and-cob meal. 

(7) Raw vs. boiled potatoes. 
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The first three points are all involved, more or less, in the general 
question of the composition of the ration, while the last three have 
to do with the method of preparing the food. 

Experiments in Feeding Cotton-Seed Meal and Corn Meal for 
Milk Production. 

This experiment is almost similar in its objects and methods to 
one conducted by the Station in 1886-6. The results are practically 
the same also. 

The main question asked in the experiment is virtually this : Is 
an ordinary ration of hay and corn meal as economical for milk 
production as the same quantity of digestible food material would 
be when more nitrogenous? Or expressed in plain terms, is it 
profitable to substitute cotton-seed meal for a portion of the corn 
meal in such a ration ? 

The answer made to this question by the two years' experiments is 
the same, viz : 

Under the conditions involved in the experiments, the substitution 
of cotton-seed meal for an equal quantity of the corn meal unmis- 
takably increased the production of milk and butter to a profitable 
extent. 

Last winter's experiment was carried out with four cows, two Jer- 
seys and two grade Ayrshires. 

Cow A, Grade Ayrshire, calved Oct. 5th, 1886. 
" B, " " August (early part). 

" C, Jersey " Sept. 10th, 1886. 

" D, " " Sept. 15th, 1886. 

Unfortunately all of these animals were light milkers, which fact 
makes the experiment less satisfactory than if the flow of milk had 
been heavy, because the test of the producing power of the rations 
was less severe. 

The experiment was continued for twelve weeks, this time being 
divided into three periods of four weeks each. 



First Period, 

4 weeks, 

January 3d to 30th. 



f r 18 lbs. Timothy, 

Cows A and C (each) ^ 3 i " corn meal, 

cotton-seed meal, 
lbs. clover hay, 

Cows B and D (each) ^ 3& " corn meal, 

cotton-seed meal. 



C 18 lbs. 
3 3* « 

I H " 

C 18 lbs. 

3 3j « 
I H " 

f Cows A and C (each) $ l * ^ ; 

i Cows B and D (eaoh) I *® *"• \ 



Second Period, f Cows A and C (eaoh) \ *® ^ ^™°^J a , 1 

4 weeks, «{ * ° M 

Jan. 31st to Feb. 27th. } Cows B and D (eaoh) \ l * l *?' ^J^IJIf 
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Third Period, 

4 weeks 

Feb. 28th to Mar. 27th. 



Cows A and G (each). 



i 



Cows B and D (eaoh). 



C 18 lbs. 

< H " 

< 2| « 

C 18 lbs. 

< H" 

C 2J «« 



18 lbs. Timothy hay, 

corn meal, 

cotton-seed meal. 
18" lbs. olover hay, 

oorn meal, 

ootton-seed meal. 



Certain points in the plan of the experiment should be noted. 

(1) The weights of food are the same throughout, the differences 
being in the kind of material. 

(2) The rations in the 1st and 3d periods are alike, in both of 
which an equal weight cotton-seed meal is substituted for a portion 
of the corn meal of period 2d. 

(3) Throughout all the periods two cows received Timothy hay 
and two clover hay, in other respects the ration being the same for 
all the cows. 

During the last two weeks of each of the three periods, the fol- 
lowing data were recorded : 

(1) The weights of milk from each cow, night and morning. 

(2) The percentages of cream from the night's and morning's milk 
of each cow. 

(3) The composition of the night's and morning's milk from each 
cow. 

(4) The weight of unsalted butter from the milk of each cow. 

Record was also made of the weights of the cows at the be- 
ginning and end of each period, and also of the daily weight of any 
unconsumed food. 

(1) Composition of the milk. The table below shows tiie aver- 
age composition of the milk for the last two weeks of each period. 
The figures represent pounds in 100. 





Cow A, Ayrshire. 


[CowB, Ayrshire. 


Cow C, Jersey. 


Cow D, Jersey. 




Solids. 


Fat. 


Solids. 


Fat. 


Solids. 
14.58 
14.66 
14.48 


Fat. 


Solids. 


Fat. 


FirBt Period 

Second Period .. 
Third Period 


12.58 
12.79 
12.60 


3.57 
3 87 
3.78 


! 14.54 

t 13.99 

14.48 


4.60 
4.64 
4.91 


5.33 
5.37 
5.04 


14.14 
14.15 

14.19 


4.66 
4.64 
4.65 



These figures show the average composition of each cow's milk to 
have been practically the same for each period, a result somewhat 
surprising, as there is usually an increase in the solids and fats with 
the increasing length of time a cow is milked after calving. 
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The four following tables give a record of the 



(2) Production 

quantities of milk, milk solids, fat, and unsalted butter produced by 
each cow during the last fourteen days of each period. 





Cow A. 


(Yield for 14 days.) 






1 


"3 


1 


• 






o 


o 


* 


O 






I 

lbs. 


©IS 
lbs. 


•6 

lbs. 


lbs. 








First Period 


161 


20.2 


5.75 


6.12 




Second Period 


119 


15.2 


4.60 


4.75 


1.37 lbs. less butter than First Period. 


Third Period 


133 


16.7 


5.03 


5.12 


..J 7 lbs. more butter than Second Period 



First Period... 
Second Period . 
Third Period.. 



First Period... 
Second Period . . 
Third Period . . . 



First Period. .. 
Second Period. . 
Third Period.. 



Cow B. (Yield for 14 days.) 



165:23.99 
137 19.16 
126(18.24 



7.5415.87 
6.35,5. 
6.19 5 25 



.87 lbs. less butter than First Period. 
.25 lbs. more than Second Period. 



Cow C. (Yield for 14 days.) 



153 


22.30. 8.15 


8.75 


111| 


16.40 5.96 


6.50 


124ft 


18.00 6.28 


7.19 



2.25 lbs. less butter than First Period. 
.69 lbs. more butter than Second Period. 



Cow D. (Yield for 14 days.) 



220 
1831 

182$ 



31.10 
26.00 
25.90 



10.25 
8.52 



9.50 
7.75 



8.48 7.81 



1 . 75 lbs. less butter than First Period. 
.06 lbs. more butter than Second Period. 



An inspection of the preceding figures discloses the following 
facts : 

(1) In passing from the first to the second periods, or from a 
mixture of cotton-seed meal and corn meal to a grain ration of pure 
corn meal, the average falling off in butter production was 20.3 per 
cent, while in passing from the second to the third periods, or from 
a grain ration of corn meal alone to a mixture of cotton-seed and 
corn meal, the increase in butter production was 5.9 per cent. The 
falling off in the first case ranged with the four cows from 14.8 per 
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cent to 25.7 per cent, and the increase in the second case ranged 
from .08 per cent to 10.6 per cent. 

(2) The changes in production of total milk solids and also of fat 
are very nearly the same as with the butter. 

An average of 21.9 per cent less solids and 11*. 4 per cent less fat 
was produced in the second period than in the first, and in the third 
period the average increase over the second period was 4.8 per cent 
of solids and 3 per cent of fat. 

The verdict rendered by this experiment is very pronounced, from 
the fact that with no one of the four cows is the result an exception 
to the general result. The same was true of the experiment of 
1885-6, in which three cows were used, so that in carefully con- 
ducted tests with seven cows, where every precaution against error 
has been taken, and where all the important facts have been ob- 
tained thai the scales and chemical analysis could furnish, the re- 
sults are uniformly in favor of substituting cotton-seed meal for part 
of the corn meal in a moderate grain ration. As will be seen from 
a subsequent analysis of these results, the amount of digestible ma- 
terial was practically the same in the three periods, so that we can- 
not resist the conclusion that there is such a thing as economy in 
combining a ration so as to secure the maximum work from the mini- 
mum quantity of food. What is the natural and rational outcome 
of this truth, then, but the formulating of feeding standards? 

Sources of error. In order to be sure that the conclusions in re- 
gard to the result of the preceding experiment are not reached by 
fallacious reasoning, it is necessary to know that no other causes 
except the variations in the ration effected a change in the milk pro- 
duction, in passing from one period to another. Several causes 
might influence the result, those most likely to operate being 

(1) A failure of the animals to consume all the ration. 

(2) A gain or loss of weight by the cows, thus either consuming 
the food for other purposes than milk production , or else producing 
milk at the expense of the body and not of the food. 

(3) Marked variations in atmospheric conditions, such as temper- 
ature, &c. 

(1) Consumption of ration. During the first period the food was 
wholly eaten. For the two remaining periods the amount of refuse 
material weighed back was small, except in the case of Cow B in the 
third period. 



88 



MAINE FERTILIZER CONTROL STATION. 



No grain was left, the weights of unconsumed food given below 
consisting of hay : 







riod. 


^ 






« 








a* 


£ 






•o 








§ 


-2 






o 


J3 






CO 


H 


Cow A 


4 lbs. 


7| lbs. 
48 * ( 


a 


B 


6 " 

14 " 

8 « 


<« 


c 


6 «' 


<< 


D 


5 " 



Except in the one case mentioned, the weight of food not eaten 
was too small to perceptibly influence the results. 

(2) Gain or loss of weight of cows. The following is a record of 
the weights of the cows at beginning and end of each period. 

These figures are the average of four weighings on as many con- 
secutive days. 





Cow A. 


CowB. 


CowC. 


CowD. 


Beginning First Period 


947* lbs. 


945 lbs. 


875 i lbs. 


895 lbs. 


End " " 


954 " 


929 " 


853 " 


886 " 


End Second Period 


942 " 


950* " 


8634 " 


898 " 



There was a failure to preserve the record of the weights of the 
cows at the end of the last period, so that the data in this direction 
are not so full as is desirable. The weights recorded, however, show 
very little variation, and it is difficult to establish any relation be- 
tween the small changes that did occur and the increase or decrease 
in milk production, especially when an animal sometimes shows 
greater variations in weight which are not attributable to gain or loss 
of flesh. 

(3) Variations of temperature. These experiments were con- 
tinued through January, February and March. The average monthly 
temperatures at Orono were the following : January, 14.2° F. ; Feb- 
ruary , 17.75° F. and March, 25.9° F. The higher temperature of 
March was favorable to the increased production of the third period, 
but the fact that February was slightly warmer than January does 
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not in any way account for, but is rather opposed to. the large de- 
crease in the flow of milk during the second period. 

Experiment in Feeding for Growth. 

The questions involved in this experiment are two, viz : ( I ) 
Economy in the quantity of food, and (2) Economy in the com- 
position of the food. 

Ten steers, not far from eighteen months old, exceptionally uni- 
form in size and quality, were used in this experiment. They were 
divided into five pairs, selected so a3 offset as much as possible any 
differences in size, quality, &c, and each pair was given a ration 
differing in some respects from the food of any other pair. The va- 
rious rations fed were the following : 

Ration A 15 lbs. mixed hay (mostly Timothy) 

u .. R C 12 lbs. mixed hay, 

114110116 I 3* « corn meal. 

C 12 lbs. mixed hay. 

Ration C < 2 " corn meal, 

C 1J •' cotton-seed meal or linseed meal. 

C 10 lbs. mixed hay, 

Ration D 2 5 " corn meal, 

( 2 " ootton-seed meal or linseed meal. 

C 12 lbs. oat straw, 

Ration E < 2 " corn meal, 

(2 '* ootton-seed meal or linseed meal. 

It is important to notice certain points of comparison in these ra- 
tions : 

(1) Ration A was intended for a maintenance ration. 

(2) Rations B and C were intended to produce moderate growth, 
are alike in quantity, but C differs from B in being much more ni- 
trogenous. 

(3) Ration D was intended to produce liberal growth. It differs 
from ration C but little except in quantity. 

(4) Ration E has oat straw substituted for the mixed bay, the 
grain fed being an increase of one-half pound of cotton-seed meal 
over the grain of ration C. 

The steers were fed on the experimental rations during two pe- 
riods of sixty-nine (69) days each, and the various rations were fed 
to different animals in the second period than in the first, this being 
done in order to eliminate the errors due to the differences in ani- 
mals. In all cases the food offered was completely consumed, and 
throughout the feeding period the animals were well and ate heartily. 
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First Period. (69 days.) 



Kind of Ration. 



Ration A 15 lbs. mixed hay, 



p 
< 



**«•"» vi^t^i- 

C 12 lbs. m 
..2 2 " c< 

t Ik " li 

C 10 lbs. m 

. . < 5 " cc 

t 2 «* li 

C 12 lbs 

< 2 « 



C Steer 1 

I: " « 

C Steer 3 

I "4 



Ration C 



Ration D 



12 lbs. mixed hay, 
corn meal, 
linseed meal, 

10 lbs. mixed hay, 
corn meal, 
linseed meal, 



I 



Ration E . . . 



12 lbs. oat straw, 
corn meal, 
linseed meal, 



I Steer 5 

I « 6 



Steer 7 
" 8 



Steer 9 
« 10 



08 G« 



lbs. 
690 
763 

738 
703 



723 
677 



691 
839 



803 

787 



o 




a 

9 
08 


each 




O 03 

'3 a 
0<3 


lbs. 


lbs. 


708 


18 J 
16 J 


779 


796 


58 > 
27 5 


730 


807 


84 V 


747 


70 > 


848 


157 V 


960 


121 > 


851 


4 


848 


61 5 



Second Period. (69 days.) 



Ration A 1 5 lbs. mixed hay, 

»—b {".'^SJlS' 

C12 lbs 
} 2 « 
< 14 " 



{ 



Ration C . 



12 lbs. mixed hay, 
corn meal, 
cotton-seed meal, 



Ration D. 



10 lbs. mixed hay, 
5 " corn meal, 
2 *' ootton-seed meal, 



Ration E . 



C 12 lbs. 
3 3" 

I 2 « 



12 lbs. oat straw, 
corn meal, 
ootton-seed meal, 



Steer 9 
" 10 


851 

848 


836 
839 


ii\ 


Steer 7 
" 8 


848 
960 


862 
961 


'IS 


Steer 3 
" 4 


796 
730 


884 
801 


88 V 
71 > 


Steer 5 
" 6 


807 

747 


928 

875 


121V 
128 > 


Steer 1 

" 2 


708 

779 


786 
750 


78 V 
71 i 



11 

lbs. 
34 

85 
154 

278 

109 



-24 
15 

159 
249 
149 



If we now combine the results of both periods, which is done in 
the next table, we have the total gain from each ration for the whole 
time the experiment was continued, viz : 138 days. 
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Kind of Ration. 






08 © 



1 & 

8« 



0*0 

fl.2 



q&cu 



s.2 

•3 s 

o © 



«2: 

o a 
©*S 

of 4 * 3 

5-° hi 

► es * 



mixed hay 
oorn meal . 



Ration A, 15 lbs. mixed hay 

B.Uo.BJWj'Jf- 

C 12 lbs. mixed hay : 

Ration C< 2 '• oorn meal J 

C 1J " cotton-seed or linseed meal, j 

C 10 lbs. mixed hay J 

Ration DJ 5 «« corn meal ] 

r 2 " ootton-seed or linseed meal, ] 



Ration 



ion E < 



12 lbs. oat straw 

2 " oorn meal 

2 " ootton-seed or linseed meal. 



lbs. 
34 

85 



154 



278 



109 



lbs. 
—24 

15 



159 



249 



149 



lbs. . 
10 

100 



313 



527 



258 



lbs. 
.035 



.36 



1.16 



1.91 



.93 



The above figures show the total gain in live weight from feeding 
the several rations. As the exact weight of food eaten in each case 
is known, we are now prepared to calculate the cost of production 
with the various kinds and quantities of food. The prices at which 
the foods are reckoned are about the average prices for the season 
of 1886-7, viz: Hay $10 per ton, corn meal $1.20 per hundred 
pounds, and cotton-seed meal at $26 per ton. 

There are two standpoints from which to view the matter of win- 
ter feeding. We may consider the actual cost of a pound of growth 
based upon the total quantity of food consumed, or we may compare 
the relative advantages of feeding merely a maintenance ration, and 
a ration that produces growth, more or less. 

Some farmers wish to winter their young stock any way, and they 
hesitate between the policy of feeding liberally, and that of turning 
out steers in the spring weighing about what they do when driven 
to the bam in the fall. In this experiment we can calculate the cost 
of a maintenance ration, and also the added cost of feeding enough 
more or enough better food to produce more or less growth. If a 
farmer purposes to winter young cattle, and wishes to know the most 
profitable plan, he should consider whether the difference between 
the cost of a maintenance ration and a growing ration is balanced 
by the value of the growth obtained. In presenting the financial 
results of this feeding experiment, therefore, there is given in the 
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next table not only the total cost of food for each pound of growth, 
but also the cost of each pound of growth after deducting the cost 
of maintenance. 





o 

I 

li 


«S»T3 

.»» a 

m 

© o . 
5 o o 

© 08 U 

HS3 

28 oents. 
9 " 
7.1 " 
8.6" 


Cost of Each 
Pound of 
Growth after 
deducting cost 
of Mainten- 
ance. 


Ration A • 


$20 70 
28 15 
28 56 
37 54 
22 08 




Ration B 


7.4 oents. 


Ration C 


2.5 " 


Ration D 


3.2 " 


Ration B 


0.8 " 



Some facts appear from these feeding experiments with steers 
that have a direct practical bearing. 

(1) The amount of hay (mostly Timothy) necessary to maintain 
an animal without loss or gain was in these experiments nineteen 
(19) pounds daily for each thousand pounds of live weight. 

(2) The cost of producing a pound of growth, based on the total 
value of food consumed, was least with the most liberal feeding. In 
no case, however, was the value of the growth equal to the total 
cost of the food. 

(3) The results of these experiments show, nevertheless, that for 
the food which was consumed in excess of a maintenance ration* 
the steers returned liberal pay. The cost of keeping a pair of steers 
for 138 days on a maintenance ration, viz., 15 pounds of hay daily, 
was $20.70. On this ration the steers made only 10 pounds gain. 
By increasing the quality of the food in the case of ration C so that 
the total cost was $28.56, two steers gained 313 pounds in 138 days. 
The difference between the cost of the maintenance ration and ration 
C was $7.86, and the value of the growth produced was at least $10. 
In ration D the cost of the food was still greater, being $16.84 more 
than the maintenance ration, which was about the market value of 
the growth produced. It seems, then, that a farmer does well to feed 
growing stock a moderate excess of food above what is necessary to 
enable the animals to "hold their own." 



*This is a ration that maintains the animal without loss, but which produces no growth. 
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(4) The substitution of cotton-seed or linseed meal for a portion 
of the corn meal of a moderate ration diminished the cost of pro- 
duction. During the first period steers 3 and 4 were fed daily 3 J 
pounds of corn meal, while steers 5 and 6 received 2 pounds corn 
meal and 1& pounds linseed meal, this being the same weight of 
grain in each case. Steers 3 and 4 gained only 85 pounds in the 
same time that steers 5 and 6 gained 154 pounds. In the second 
period the rations were changed and steers 3 and 4 received the mix- 
ture of corn meal and cotton-seed meal, and gained 159 pounds in 
the same number of days that they required to gain 85 pounds in 
the previous period, when the grain ration was equally large but 
wholly corn meal. 

Comparison op Rations. 

In the preceding experiments with milch cows and steers the ra- 
tions have differed widely in quantity or in composition, and as a 
result corresponding variations in production and growth have been 
observed. A close stud} r of these rations is necessary in order to 
see clearly in what way and to what extent they differ. It is not 
enough to simply know the name and quantity of the food consumed, 
we must know of what it is composed and what part of its ingredi- 
ents is appropriated to the uses of the animal body in order to under- 
stand why two rations similar in weight may be so dissimilar in effect. 
What we wish to learn concerning these rations is the quantities of 
digestible ingredients which each contained. These quantities can be 
calculated, as we know the composition of the foods and their di- 
gestibility. The method of calculation is simple. If corn meal con- 
tains 10 per cent of protein, 80 per cent of which is digestible, then 
each 100 pounds of the meal furnishes 8 pounds of digestible 
protein. 

Milk rations. The rations given the milch cows are first con- 
sidered. 
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Daily Rations op First and Third Periods. 
Cows A and C. 



Timothy hay, 18 lbs.... 

Corn meal, 3& lbs 

Cotton-seed meal, 2& lbs 



Clover hay, 18 lbs 

Corn meal, 3£ lbs 

Cotton-seed meal, 2& lbs. . 



2 

fl8 

3 



lbs. 
15.3 

3. 

2.09 



20.39 



Pounds of Digestible Material. 






$ 






JO 

08 




*• 




t-» 


« 


6 

1 


Nitrogen- 
Extraetiv 
Matter. 


i 
& 


Total Nut 
tive Sub- 
stanoes. 




55 


lbs. 


lbs. 


lbs. 


lbs. 




.483 


7.25 


.26 


7.99 




.286 


2.30 


.15 


2.74 




.98 


.50 


.25 


1.73 




1.749 


10.05 


.66 


12.46 


1: 6.1 



Cows B and D. 



14.9 


1.00 


7.04 


.28 


8.32 


3.0 


.286 


2.30 


.15 


2.74 


2.09 


.98 


.50 


.25 


1.73 


19.99 


2.266 


9.84 


.68 


12.79 



1:5.1 



Daily Rations op Second Period. 
Cows A and C. 

Timothy hay, 18 lbs 15.3 .483 7.25 

Corn meal, 6 lbs 5.2 .49 3.85 

20.5 .973 ! 11.10 



Clover hay, 18 lbs . 
Corn meal, 6 lbs.... 



Cows B and D. 



.26 
.26 



.52 



7.99 
4.60 



12.59 



14.9 
5.2 


1.00 
.49 


7.04 
3.85 


.28 
.26 


8.32 
4.60 


20.1 


1.49 


10.89 


.54 


12.92 



1: 12.7 



1: 8.2 
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In order to more conveniently make a comparison, these rations 
are placed together in one table. The German standard ration is 
also given. 



First A Third Periods, Cows A A 0, 
Second Period, Cows A A C 

Difference 

First A Third Periods, Cows BAD, 
Second Period, Cows B A D 

Difference 



German standard ration for cows of 
same weight 



n 



lbs. 
20.41 

20.6 



—.10 

20.0 

20.1 



—.10 



21.6 



Pounds Digestible Material. 


a 

o 
hi 

a, 


Nitrogen- 
freo Extrac- 
tive Matter. 


00 

& 


Total Nutri- 
tive Sub- 
stances. 


lbs. 
1.75 


lbs. 
10.05 


lbs. 
.66 


lbs. 
12.46 


.97 


11.10 


.52 


12.59 


4-. 78 


—1.05 


+.14 


—.13 


2.27 


9.84 


.68 


12.79 


1.49 
-f.78 


10.89 


.54 


12.92 


—1.05 


+.14 


—.13 


2.25 


11.25 


.30 


13.86 



1: 6.1 
1:12.7 

1:5.1 

1:8.2 



The above figures show that the total amount of digestible or 
available material was practically the same for all cows in all the 
periods of feeding. But while this material did not differ in quan- 
tity it was essentially different in kind in the second period from 
what it was in the first and third. In the second period the digest- 
ible protein was over three-fourths of a pound less daily, and the 
digestible nitrogen-free extractive matter (starch, sugar, &c.) was 
over a pound more daily than in the other two periods. These fig- 
ures have significance when we place beside them the fact that the 
average production of milk solids was 20.3 per cent less in the sec- 
ond period than in the first, and 5.9 per cent less than in the third. 
To what shall these differences be attributed, if not to the much 
smaller quantities of digestible protein contained in the rations of 
the second period? 

It is important to notice in this connection that the cows eating 
Timothy ha} r were more affected by the changes in the grain ration 
than the cows eating clover hay. It is possible, but not probable, 
that this is a coincidence, but it can certainly be reasonably accounted 
for by the fact that in the second period the Timothy ha} r ration was 
much more deficient in digestible protein than the clover hay ration. 
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Rations for Ghrowth. The rations used in the experiment with 
steers are subjected to the same critical comparison. 







Pounds of Digestible 
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Material. 
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© 
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© 


© 
to 
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S,2 
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2 
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Nitroj 
Extra 
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•2 ® 


> ® 


First Period. 










Ration A . - 


12.75 


.40 


6.04 


.22 


6.66 


1:16.5 


0.25 


17 


Ration B 


13.20 


.606 


7.14 


.33 


8.04 


1:13.1 


0.61 


42J 


Ration C 


13.17 


.913 


6.47 


.40 


7.78 


I: 8.2 


1.12 


77 


Ration D 


14.5 


1.328 


7.69 


.53 


9.58 


1: 6.8 


2.00 


139 


Ration E 


13.74 


.911 


6.77 


.33 


8.01 


1: 8.3 


.79 


54* 


Second Period. 


















Ration A 


12.75 


.40 


6.04 


.22 


6.66 


1:16.5 


-0.17 


-12 


Ration B 


13.2 


.606 


7.14 


.33 


8.04 


1:13.1 


0.11 


15? 


Ration 


13.16 


1.068 


6.42 


.42 


7.90 


1: 7.0 


1.15 


79£ 


Ration D 


14.51 


1.456 


7.62 


.56 


9.64 


1: 6.2 


1.80 


124* 


Ration E 


13.74 


1.119 


6.70 


.36 


8.18 


1: 6.8 


1.08 


44| 


German standard ration for mainten- 


















ance of steers of weight fed 


14.0 


.56 


6.40 


.12 


7.08 


1:12. 






German standard ration for growth 












; 




for steers of weight fed 


19.2 


1.28 


9.60 


.24 


11.12 


1: 8. 







This comparison of the rations fed to the steers shows that the 
growth varied with the amount of total digestible material consumed. 
In comparing one ration with another it is evident, however, that the 
same quantity of nutritive substances was not equally effective in 
all cases. Rations C and E contained no larger amount of nutritive 
substances than ration B, and yet the former rations uniformly pro- 
duced more growth than the latter. Here again we find, as in the 
experiment with cows, that the most effective rations were the most 
nitrogenous. 

The results of the Station's two winters' experimental feeding of 
cows and steers all point to one conclusion, viz : Economy in feed- 
ing requires that cattle foods should be purchased partly with refer- 
ence to the most effective combinations of nutrients, and not whohy 
with reference to the prices. 
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(c) EXPERIMENT IN FEEDING WHOLE CORN AND MEAL. 

A decided difference of opinion exists among farmers in regard to 
the relative merits of whole corn and meal as foods for producing 
pork. Probably a majority of farmers incur the added expense of 
feeding meal, believing that, pound for pound, the meal has enough 
greater value than the corn to more than repay for the increased 
cost of the former. 

On this point no very accurate data have been secured. Sin- 
gle experiments are not sufficient to decide such questions as this, 
and the one reported in this connection was intended to be the first 
of a series. The testimony of this one experiment is very emphatic, 
however, and while it favors the views of some, it will be a surprise 
to others. It can be said for this experiment, that seldom is one 
conducted under fairer conditions and with fewer disturbing influ- 
enceg. The six pigs used in the feeding trial were Chester White, 
fronf the same litter. They were divided into two lots, so that the 
weight and appearance of the three pigs in each lot was as nearly 
alike as- possible. 

At the time of beginning the feeding the pigs were about five 
months old, their average weight being not far from 85 pounds. 

The whole time of experimental feeding was one hundred and nine- 
ty-four (194) days, which was divided into two periods, the first 
period being 78 days, and the second 116 days. In the second pe- 
riod the rations were reversed, and the lot of pigs which had in the 
former period received corn were fed meal, and those which had pre- 
viously eaten meal were given corn. 

The rations were the following : 

Period 1. 



Lotl. 


Lot 2. 


6 pounds meal, 

6 " raw potatoes, 

Milk. 


6 pounds whole corn, 
6 " raw potatoes, 
Milk. 
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Period 2. 



Lot3. 


Lot 4. 


8 pounds whole corn, 
6 pounds raw potatoes, 
Milk. 


8 pounds meal, 

6 pounds raw potatoes, 

Milk. 



The quantity of milk fed daily was not uniform, owing to the lim- 
ited supply, but the amount fed to each lot of pigs was always the 
same by measure, averaging about 4 quarts. The corn and meal 
fed were from the same lot, and so were the same in quality. In 
the first period the corn and meal consumed were out of a fine lot of 
the Flint variet}*, which was grown in Piscataquis County. In the 
second period western corn was used. It is to be noticed, then, that 
in each period the same weight of the same kind of food was given 
to each lot of pigs, the only difference in the rations being that the 
corn was fed whole to one lot, and as meal to the other. * 

Below can be seen the weights of the pigs at the beginning and 
end of the periods. 



Period 1, weight December 28th. 

«« " Maroh 16th.... 

Gain in 78 days 



Period 2, weight Maroh 28th. 
" " July 25th.... 



Gain in 118 days 

ffY- 
Total gain in m-days . 



Meal- 
Lot 1. 



260 lbs. 
416 « 



156 lbs. 

Lot 2. 
436 lbs. 

665 " 



229 lbs. 
385 " 



Whole Corn- 
Lot 2. 



255 lbs. 
418 " 



163 lbs. 

Lot 1. 
451 lbs. 

675 " 



224 lbs. 
387 " 



The outcome of this experiment is, 

(1) The same weight of whole corn and meal produced almost 
exactly the same growth, the difference being only two pounds. 

(2) Six pounds of corn or meal produced in the first period 
slightly more growth daily than eight pounds in the last period. Sev- 
eral experimenters have called attention to the. fact that the cost of 
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growth increases with the age or size of the animal. In this ca3e, 
however, the corn was not quite the same in the two periods. 

(3) The average daily gain of each animal for the whole time was 
within a small fraction of one pound. This was accomplished 
on a daily ration to each pig of 1.37 quarts* of corn or meal, two 
pounds of raw potatoes, and an amount of milk averaging not far 
from one and one-third quarts. 

(4) Reckoning the corn at 64 cents per bushel and the meal at 
60 cents for fifty pounds, the potatoes at 40 cents per bushel, and the 
skimmed milk and buttermilk at one and one-half cents per gallon, 
in each case the cost of the food was greater than the market value 
of the pork produced. The cost of the growth was 7.2 cents per 
pound live weight with the meal-fed pigs, and 6.95 cents with the 
corn-fed. 

Experiment in Feeding Corn Meal and Corn-and-Cob Meal. 

The relative value of corn meal and corn-and-cob meal is another 
point about which various opinions are held. It is argued in favor 
of grinding the ears of corn without shelling that the ground cob 
not onty furnishes some nutriment but aids digestion by causing the 
mass of food in the stomach to be less compact and more readily 
acted upon by the digestive fluids. The statement often appears in 
agricultural literature that one pound of finely ground corn-and-cob 
meal is equal in value one pound ' 'clear" meal. It remains to be 
seen whether these opinions will stand the test of carefully con- 
ducted experiments. It certainly does not appear from the general 
knowledge that we have concerning the composition of corn and 
cobs and the digestibility of clear meal that these extreme views 
can be substantiated. Certainly the results of the Station experi- 
ment in feeding clear meal and corn-and-cob meal are not favorable 
to crediting cobs with very much nutritive value. 

The data collected by the Station show that on the average almost 
exactly one-fifth of the weight of dry ears of corn consists of cobs, 
consequently five pounds of corn-and-cob meal would contain four 
pounds of clear meal and one pound of ground cobs. Accordingly, 
in this experiment one lot of three pigs was fed four pounds of clear 
corn meal and the other lot five pounds of corn-and-cob meal daily. 

♦The quart meaning 1-32 of fifty-six pounds. 
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The two lots of pigs were quite uniform in size and quality, being 
from the same litter. The age of the pigs at the beginning was five 
months. The feeding was continued for 81 days, with the rations 
given below. 



Lot 3. 



4 lbs. clear meal, 
3 " potatoes, 
Milk. 



Lot 4 



5 lbs. oorn-and-oob meal, 
3 " potatoes, 
Milk. 



The gain of the two lots is next shown. 



Weight, May 5 th... 
" July 26th... 
Gain in 81 days . 



Lot 3. 


Lot 4. 


244 
380 


206 
335 
129 


136 



This experiment would have been more satisfactory if the feeding 
had been continued during a second period with the rations changed 
about. So rnearly alike were the two lots of pigs, however, that it does 
not seem possible that the presence of a pound of ground cobs in the 
food of Lot 4 could have added greatly to the nutritive value of the 
ration without the effect being seen in increasing their growth over 
that made by Lot 3. 

It is proper to state that the corn-and-cob meal was ground fine. 



Experiment with Raw and Boiled Potatoes. 

It has been shown on previous pages that the composition of pota- 
toes is only slightly changed by boiling. This being the case, it is 
difficult to understand how their nutritive effect would be mate- 
rially changed by cooking in this way. The Station has made this 
matter the subject of an experiment, with somewhat unsatisfactory 
results, owing to the fact that in the second period of feeding one lot 
of pigs did not seem to relish their ration. 

As in the two preceding feeding trials, the experimental animals 
consisted of six pigs which were selected from the same litter. They 
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were, therefore, alike in age and breeding and were quite uniform in 
size and quality. They were fed in two lots of three pigs each. 

The first feeding period extended through forty-four days, the daily 
rations being the following : 



Lot No. 3. 


Lot No. 4. 


15 pounds raw potatoes, 
1 pound corn meal, 
4 quarts milk. 


15 pounds potatoes, boiled,* 
1 pound corn meal, 
4 quarts milk. 



* Weighed before boiling. 

On these rations the two lots of pigs made the following gain : 



Lots. 



Lot 4. 



Weight, December 28th 119 lbs. 121 lbs. 

" Febrnarjllth : 179 " 188 « 

Gain in 44 days 



60 



67 



On changing the rations about, the pigs of Lot 4 were reluctant to 
eat raw potatoes, and it was nearly four weeks before the three would 
eat as much as ten pounds a day. Even then their food did not 
seem to be relished, and the potatoes were not promptly eaten. Con- 
sequently the experiment did not proceed satisfactorily during the 
second period, and the results obtained are not reported here. The 
apparent outcome of the first period's feeding is that the value of 
potatoes is not materially increased by boiling. 



Rations for Poultry Raising. 

The question of economy in the compounding of rations for the 
production of milk, meat and wool bas received much study, from 
which valuable results have been secured. There seems to be no 
reason why an experimental study of the use of various classes of 
foods in poultry production would not lead to greater economy in 
this department of feeding, especially as this matter has not been 
the subject of very much investigation. A beginning, and only 
a beginning, in this direction has been made at the Station. 

The question proposed, which has been the subject of only one 
experiment so far, is, whether in feeding poultry for growth an 
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advantage would be gained by substituting in a grain ration some 
highly nitrogenous food, like oil meal, meat scrap, etc.? The 
experiment mentioned was carried on in October and Novem- 
ber, 1886, twenty- four pure bred Plymouth Rock cockerels being 
used. These were divided into two lots of twelve each, the birds 
in each lot being as nearly alike in age and size as possible, and 
were confined in two roomy pens. In addition to the experimental 
food, the cockerels were given a small, equal amount of pota- 
toes each day or two, and they had access to ground clam shells, 
gravel, and fresh water. Equal weights of food were fed to each 
lot throughout the experiment, consisting in one case of cracked corn 
alone, in the other case being a mixture of cracked corn and some 
highly nitrogenous food. An attempt was made at first to feed for 
the latter ration a mixture of corn and cotton-seed meal, but this was 
given up as a failure after several days' trial, even a small quantity 
of this mixture being eaten with reluctance. Beef scrap was then 
substituted for the cotton-seed meal, with good results. 

The quantities fed at first, beginning October 8th, were as follows : 

Lot 1. 640 grams* cracked corn, daily, or at the rate of one quart 
by weight, to fifteen birds. 

Lot 2. 540 grams cracked corn, daily, 100 grams beef scrap, 
daily. Total, 640 grams. 

On October 19th, the rations were increased : 

Lot 1. 800 grams cracked corn, daily, or at the rate of one quart 
by weight, to twelve birds. 

Lot 2. 600 grams cracked corn, daily, 200 grams beef scrap, 
daily. Total, 800 grams. 

On Oct. 11th, the two lots were weighed, and again on Oct. 28th. 
The weights at the two dates are given below : 





Oct. 11th. 


Oct. 28th. 


Gain. 


Lot 1 


35| lbs. 
35 " 


39| lbs. 
43| " 


4 lbs. 


Lot 2 


8| «« 



It seems, then, that in seventeen (17) days the twelve birds which 
were fed pure cracked corn gained four (4 ) pounds, and that those which 



♦One pound— 454 grams. 
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were given a ration of equal weight in which beef scrap was substi- 
tuted for a portion of the corn gained 8| pounds. This was an av- 
erage gain of one-third of a pound for each bird in the first lot, and 
almost three-fourths of a pound for each bird in the second lot. 

The pounds of food eaten in the seventeen days, with the cost of 
the same, are given below. The corn is reckoned at 62$ cents for 
fifty pounds, and the beef scrap cost 2$ cents per pound. 



Corn. 



Scrap. 



Lot 1 27$ lbs. 

Lot 2 21| " 6 lbs. 



Total Fed. Cost of Food. 



27| lbs. 
27J " 



39$ ets. 
43| " 



Cost per lb. 
of Gain. 



8.6 ots. 

4.77 " 



On October 29th, an equal weight of dried blood was substituted 
for the beef scrap, the weights of corn fed in the two cases remain- 
ing the same, and these rations were fed for fourteen days. 

Below can be seen the weights of the two lots at the begiuning 
and end of this period : 





Oct. 29th. 


Nov. 12th. 


Gain. 


Lot 1 


39| lbs. 
43| «• 


43| lbs. 
474 " 


44 lbs. 

31 «• 


Lot2 



Here the advantage seems to be slightly with the pure cracked 
corn, which tends to throw suspicion on the correctness of the re- 
sult when beef scrap was fed. There is quite a difference in the 
composition of the beef scrap and blood, which can be seen by the 
following analyses : 



Beef sorap . • 

Dried blood 

Corn (av.) , 10.54 



Water. 


43 

< 


3S 


35 




1.33 


8.3 


57.69 




32.95 


6.69 


6.64 


65.12 




16.23 


10.54 


1.55 


10.59 


69.73 


5.49 



An equal weight of the blood contains only about half as much fat 
as the scrap, but this difference alone does not seem sufficient to 
explain the apparent difference in effect. 
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One important point should be noticed in this connection, which is 
the value of the growth as compared with the cost of the food. The 
twenty-four cockerels gained in the thirty-two days 20 J pounds, 
this increase having a value of at least $2.50. They consumed 94 
pounds of corn and 12$ pounds of scrap and blood, the whole cost- 
ing $1.50. The half bushel of small potatoes fed had scarcely any 
market value. 

Certainly no other form of meat can be produced in Maine at a 
cost for food of three-fifths of its market value. 



TESTS OF VARIETIES. 

In 1886 the Station grew forty varieties of potatoes, twenty va- 
rieties of oats (so-called varieties) and six varieties of barley. This 
was done with especial reference to making an exhibition of varieties 
of grain, etc., at our State fairs, but at the same time the work was 
carried on in such a manner as to secure a record of the relative 
yield. 

POTATOES. 

Forty varieties of these were planted, twenty hills of each. The 
same weight of seed was used in each case, the potatoes being cut 
so as to secure a uniform distribution of the eyes. No other record 
was kept than the date at which the tops began to die, and the total 
yield of tubers from each twenty hills. 

The land on which the potatoes were planted was a mellow loam, 
very uniform in character. It produced two tons of hay to the acre 
in 1885, and received previous to the planting of the potatoes a fairly 
liberal application of dissolved bone black and muriate of potash. 
For some unknown reason nearly every tuber of every variety was 
scabby, so that none were placed on exhibition. The planting was 
done on May 21, and the tubers were dug on September 1. The 
tops of some of the varieties scarcely showed signs of decay when 
the digging was done, and in these cases the date of the death of 
the tops cannot be given. 
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The varieties given in the following table are classed by seedsmen 
as follows : Nos. 1 to 14 and 25, early ; Nos. 15 to 24, intermediate ; 
Nos. 26 and 30 to 41, late. 



B 

3 
1 

3 

4 

5 

6 

7 

9 
10 
10* 
11 

Hi 
12 

iii 

13 
14 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 



Variety. 



Thorburn 

Clark's No. 1 

Rose Magnum Bonum . . . 

Early Ohio 

Early Maine 

Early Vermont 

Watson's Seedling 

Vanguard 

Eight Weeks 

Early Sunrise 

Pearl of Saroy 

Hall's Early Peaoh Blow. 

Triumph 

Early Essex 

Beauty of Hebron 

Orange Co. White 

Dunmore 

Queen of the Roses 

Rural Blush 

Garfield 

Improved White Rose. . . . 

White Star 

St. Patrick 

Vermont Champion 

Belle 

Rochester Favorite 

Perfect Peach Blow 

Charter Oak 

Great Eastern 

Dictator 

Empire State 

Burbank Sport 

Dakota Red 

Thorburn's Late Rose 
Late Beauty of Hebron . , 
O. K. Mammoth Prolific. . 

White Elephant 

Red Elephant 

Jumbo 

White Seedling 



HO 



Aug. 16 
«• 28 
Dug 

Aug. 16 
" 24 
" 24 
it 24 
" 20 
«« 24 
" 20 
" 28 
Dug 

Aug. 20 
«• 24 
" 20 
" 28 

" 26 
Dug 
Dug 
Aug. 28 
" 28 
" 28 
" 26 
« 26 
" 28 
•« 26 
" 26 
«« 28 
•« 28 
«• 26 
" 25 
•« 25 
Dug 
u 

Aug. 28 
" 28 
" 28 
•« 28 
Dug 



si 

sg 

"40T 
30£ 
201 
19J 
28 
231 
204 
26 
364 

374 
284 

1*4 
204 

284 

47 

43* 

31 

39^ 

334 

344 

34 

38 

301 

371 

36 

394 

374 

40 

31 

231 

25 

25 

231 

36 

301 

301 

26 



OATS. 

These were sown on plots sixty feet long and six and five-sixths 
feet wide, one quart of seed on each plot. The soil and method of 
manuring were the same as in the case of the potatoes. The sow- 
ing was done on May 22, and each plot was cut as soon as the 
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grain was ripe enough, 
given below. 



The dates of cutting and yields of grain are 



Variety. 



I 
H 

2 
3 

n 

4 

5 

6 

7 

8 

9 
10 
11 
12 
12i 
13 
14 
15 
16 
17 



Triumph . 



Welcome 

White Probeatier , 



Mold's Ennobled 

Clydesdale 

Russian White 

Surprise 

Hopetown 

Henderson's Clydesdale 

New Race Horse 

White Belgian 

Blaok Tartarian 



White Schoener ... 
White Australian . 
White Viotoria... 

Harris 

Hog an 







a* 








dt JO 


o 








-< 






& | 


U, 93 


© 


bo 

a 


*© jS 


&2 




t>0« 


•« s 












•*a 


® $* 


« ,0 










Q 


o 


&H&I 


£ 1 


Aug 


. 28 


81 


29 


«< 


28 


H 


29 


«« 


16 


141 


49 


«< 


24 


18 


59.6 


(i 


24 


17* 


58 


1 1 


24 


13J 


44.7 


<< 


16 


16* 


54.7 


ii 


28 


184 


60.7 


<« 


24 


18 


59.6 


*i 


28 


101 


35.7 


<i 


16 


15$ 


51.3 


ii 


16 


15* 


51.3 


ii 


16 


16 


53 


ii 


24 


151 


52.1 


i* 


24 


154 


51.3 


«' 


24 


151 


50.5 


n 


24 


121 


40.6 


ii 


16 


11 


36.4 


#i 


10 


7 


23.2 


ii 


16 


4 


16.4 



BARLEY. 

The barley was sown on plots the same in size as the oat plots, 
the amount of seed being the same. Each plot was cut when the 
grain was ready. The results follow : 



Variety. 



Imperial 

Menshury 

Chevalier 

Nepaul 

Melon Barley.. 
Purple Hulless 





9 • 


<D 




5S 


© 






<: 




O | 




«M 60 


o o 




© a 




.a 


£'£ 


T3 0t 


2 s 


« 


a> u 


.2 •? 


flo 


Hfti 


* 1 


Aug. 16 


13 


28.7 


" 16 


13 


28.7 


" 24 


104 


23.2 


" 16 


n 


17.1 


" 24 


12 


26.5 


u 24 


H 


21. 



There seems to be a great difference in the productiveness of the 
varieties of potatoes and grain mentioned above. The yields here 
recorded should not be too closely adhered to in judging the several 
varieties, because the errors involved in working with so small plots 
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are relatively large, and the yield is also affected to a certain extent 
by the locality in which the seed was grown, r as well as by other 
conditions. 



DAIRY PRODUCTS. 

The experiments with different rations for milk have involved the 
analysis of a large number of samples taken from the milk of several 
cows, and from the analytical data that have thus accumulated can 
be drawn facts that are of interest if not of value, which were not 
noticed in the previous discussions of the more important results of 
the experiments. But besides these data, and of more importance to 
dairymen, are the results of some experiments in cream raising which 
the Station has carried on during the months of June and July of 
the present season. 

The points concerning which the various experiments and the 
numerous analyses furnish information are the following : 

(a) The effect of varying the temperatures at which milk is set. 

(1) Upon the volume (or weight) of cream. 

(2) Upon the composition of the cream. 

(3) Upon the quantity of cream required for one pound of butter. 

(4) Upon the amount of fat left in the skimmed milk. 

(6) The effect of varying the time which milk stands before skim- 
ming, upon the volume (or weight) and composition of the cream. 

(c) The residue of fat in skimmed milk after twelve hoars as 
compared with a longer time of setting. 

(d) The comparative composition of night's and morning's milk. 

The evidence which is furnished b} r the experimental data pre- 
sented in this connection is emphatic and conclusive on some of the 
above points. 

(1) THE EFFECT OF THE TEMPERATURE A.T WHICH THE 
MILK IS SET UPON THE VOLUME OF CREAM. 

This is a matter of especial importance in the manufacture of 
creamery butter by the plan adopted at all Maine butter factories, 
viz : Cream and not milk is furnished to the factory, and in most 
cases each patron shares in the proceeds of butter sales in proportion 
to the volume (or weight) of cream which he supplies. 
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This method is just, provided the cream is of the same value in 
all cases, t. e., has the same butter-producing capacity. Indeed, if 
the differences in the value of cream from different patrons were only 
slight, this plan would be sufficiently equitable when applied to the 
butter product of a whole season. The facts here set forth justify 
the belief that the quality of cream furnished to our creameries by 
different patrons constantly varies in quality to so great an ex- 
tent as to render unfair a division of profits on the basis of the vol- 
ume of cream supplied. 

The most potent cause of such variation is the large differences in 
the temperature at which different patrons set their milk. The ex- 
istence of this fact is more than suspected by many who have been 
intimately connected with the manufacture of factory butter, but 
the figures which are given here as the result of the Station experi- 
ments may be a surprise to some, as showing the large and con- 
stant differences in the value of cream that have a direct relation to 
the temperature at which the milk is set. 

It undoubtedly is true that the patrons of butter factories raise 
their cream at widely differing temperatures. This is plainly proved 
by the replies to inquiries addressed by the Station to the man- 
agers of six Maine butter factories. 

These inquiries covered three points : 

(1) The methods of cooling the milk. 

(2) The temperature at which the milk is set. 

(3) The valuation of the cream. 

It is necessary to give only a brief digest of the replies received. 

( 1 ) The methods of cooling milk vary from the use of ice in a 
tank to setting the milk in a cool cellar, or hanging it in an unused 
well. 

(2) The temperatures at which the milk is set vary from 38° to 
60° Fahrenheit, in some cases rising as high as 65°. 

(3) In two cases the cream from different patrons is tested and 
valued according to quality, and in four cases the patrons are paid 
in proportion to the inches of cream without regard to its quality. 

The plan adopted at the Station for the experiments in setting 
milk at different temperatures was this : 

The milk of three new milch cows was thoroughly mixed night and 
morning in a large tin can and divided bj T weight into equal portions, 
which were set for the cream to rise at different temperatures. The 
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cream from each portion was weighed, analyzed, and after a suffi- 
cient quantit} 7 had been collected the whole of each lot was churned, 
and the weight of butter ascertained. Six trials of this kind were 
made, each trial including the milk of three cows for four to five 
days. The temperatures at which the different portions of milk 
were set ranged during the six trials 35° to 60° F., these limits being 
those stated to be used by the patrons of Maine butter factories. 
Below is a summary of the results of these trials. 



Table Showing the Quantities of Cream Obtained at 
Different Temperatures. 



First Trial. 

Milk set at 35° 

" " 40° to 46° , 

Seoond Trial. 

Milk set at 35° 

» " 45° to 48° 

Third Trial. 

Milk set at 36° 

" " 45° to 50° 

Fourth Trial. 

Milk set at 45° 

" « 55° , 

Fifth Trial. 

Milk set at 45° 

«« " 60° 

Sixth Trial. 

Milk set at 45° 

«< «« 50° , 



M 

i 
£5 


o 
'3 o 


SB 


lbs. 


lbs. 


% 


142.75 
142.75 


28.75 
23.50 


20.1 
16.4 


123.75 
123.75 


23.75 
19.50 


18.8 
15.7 


133. 
133. 


25.50 
19.50 


19.2 
14.7 


122. 
122. 


21.90 
17.13 


17.9 
14.0 


114.50 
114.50 


19.87 
J4.75 


17.4 
12.9 


102. 
102. 


18.44 
16.37 


18.1 
16.0 



* 8 



S3 



• 8 ° 
a 3 p 

o © o 

Oh M Oh 

lbs. 

4.97 
6.08 



5.32 
6.35 



5.22 

6.82 



5.56 
7.12 



5.76 
7.76 



5.53 
6.22 



In every instance the colder milk has furnished the larger volume 
of cream. 

The following summary shows the extent of the differences in the 
six trials. 
First Trial, colder milk 35°, warmer milk 40° to 45°, colder milk gave 

22.3 per cent more cream. 
Second Tried, colder milk 35°, warmer milk 45° to 48°, colder milk 
gave 19.2 per cent more cream. 
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Third Trial, colder milk 35°, warmer milk 45° to 50°, colder milk gave 

30.8 per cent more cream. 
Fourth Trial, colder milk 45°, warmer milk 55°, colder milk gave 

27.8 per cent more cream. 
Fifth Trial, colder milk 45°, warmer milk 60°, colder milk gave 

34.7 per cent more cream. 
Sixth Trial, colder milk 45°, warmer milk 50°, colder milk gave 12.6 

per cent more cream. 
The meaning of these figures is that differences ranging from 5° 
to 15° in the temperature at which milk is set caused large varia- 
tions in the amounts of cream obtained. 

The amount of milk required for a pound of cream was increased 
one-eighth in the case of the smallest difference of temperature 
(sixth trial) , and over one-third in the case of the largest difference 
(fifth trial). In general the higher the temperature the smaller the 
weight of cream. 

(2) THE EFFECT OF THE TEMPERATURE AT WHICH MILK 
IS SET UPON THE COMPOSITION OF THE CREAM. 

The question which now presents itself is this : What relation is 
there between the composition of cream and the volume? Or, to put 
the question in another form, are the smaller volumes of cream 
which are raised at the higher temperatures the result of a more im- 
perfect separation of fat from the milk, or is the cream of more value 
pound for pound than that raised at lower temperatures ? The cream 
obtained in five of these trials was analyzed, and below are given the 
percentages of solids and fat. The more fat cream contains the 
more butter a given volume will make. 
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Table Showing the Composition of Crkam Raised at 
Different Temperatures. 



Cream Contained.* 



First Trial. 

Milk set at 35° 

" " 40° to 45° . 

Seoond Trial. 

Milk set at 35° 

" " 45° to 48° . 



Fourth Trial. 

Milk set at 45°.. 
" " 55°. 

Fifth Trial. 

Milk set at 45° . 
" " 60°. 

Sixth Trial. 

Milk set at 45°.. 
" " 50° . 



Average for cream from colder milk . . 
" " warmer milk . 



Solids. 



% 

29.06 
34.32 



29.05 
35.20 



29.56 
33.00 



30.11 
32.12 



28.15 
28.79 

29.19 
32.42 



Fat. 



21.66 
27.06 



21.94 
27.60 



22. 56 
26.35 



21.85 
24.05 



21.41 
22.42 

21.93 
25.64 



♦The samples of cream that were analyzed were taken just before the cream was churned. 

In every instance the cream raised from the warmer milk con- 
tained a larger percentage of fat than the cream from the colder 
milk, the differences ranging from 1.00 per cent to 5.66 per cent. 



(3) THE RELATION OF THE TEMPERATURE AT WHICH MILK 

IS SET TO THE AMOUNT OF CREAM REQUIRED 

FOR A POUND OF BUTTER. 

However conclusively the analysis of cream may determine its 
value, the ultimate and most satisfactory test is made in the churn. 
In all these trials the several lots of cream taken from the milk set 
at different temperatures were churned. In the next table a com- 
parison is made between the quantities of cream and butter. 
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Table Siiowing the Butter Value of Cream Raised at 
Different Temperatures. 



First Trial. 

Milk set at 35° 

" " 40° to 46° . 

Seoond Trial. 

Milk set at 35° 

« " 45° to 48° . 



Third Trial. 

Milk set at 35° 

" «« 45° to 50°. 



Fourth Trial. 

Milk set at 45° 
«' " 55° . 



Fifth Trial. 

Milk set at 45° . 
" «' 60° . 

Sixth Trial. 

Milk set at 45° . 



a 

1 

o 

§ 




u 

S 

■*» 



-1 

£fc> 




Pounds of Cream 
Required for One 
Pound of Butter. 


lbs. 


DS. 


lbs. 


OS. 


lbs. 


28 — 


12 


6 — 


11 


4.30 


23 — 


8 


6 — 


11 


3.51 


23 — 


4 


6 — 


14 


3.96 


19 — 


8 


5 — 


12 


3.39 


25 — 


8 


6 — 


12 


3.78 


19 — 


8 


6 — 


4 


3.12 


21 — 


16 


6 — 


12 


3.82 


17 — 


2 


6 — 





3.42 


19 — 


14 


6 — 


6 


3.70 


14 — 


12 


4 — 


8 


3.28 


18 — 


7 


5 — 





3.69 


16 — 


6 


4 — 


8 


3.64 



The above figures confirm the testimony of the analyses of the 
cream as to the relative value of the different lots, and show conclu- 
sively that a difference of a few degrees in the temperature at which 
cream is raised has an important influence upon its value. In the 
first three trials the cream from the colder milk averages a fifth less 
in value than the cream raised at approximately 10° higher tempera- 
ture. 



(4) THE RELATION OF THE TEMPERATURE AT WHICH CREAM 
IS RAISED TO THE QUANTITY OF BUTTER OB- 
TAINED, OR TO THE RESIDUE OF FAT 
LEFT IN THE SKIMMED MILK. 

It is noticeable that when the warmer milk reached a temperature 
much above 45°, the amount of butter obtained was considerably 
less than that made from the milk set at 45° or colder. In the first trial 
the same quantity of butter was obtained from the two lots of milk, 
but in this case the warmer milk did hot reach a temperature above 
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45°. In the fifth trial 114 J pounds of milk set at 60° made 14 ounces 
or one-eighth less butter than the same quantity of the same milk 
set at 45°. 

The natural conclusion is that with the higher temperatures more 
fat was left in the skimmed milk, and this conclusion is sustained 
by analyses that were made of the skimmed milk from the night's 
and morning's milk of every day during the 3ix trials. The fol- 
lowing table gives the weight of skimmed milk of each trial, the av- 
erage per cent of fat in it, and the total quantity of fat it contained. 

Table Showing the Fat in Skimmed Milk. 



First Trial. 

Milk set at 35° 

•« 40° to 45°. 



Second Trial. 

Milk set at 35° 

" 45° to 48°. 

Third Trial. 

Milk set at 35° 

•« •• 45° to 50°. 



Fourth Trial. 

Milk set at 40°. 
•• " 55°. 

Fifth Trial. 

Milk set at 45°. 
«* " 60°. 

Sixth Trial. 

Milk set at 45°. 
•« " 50° . 



•a a 

.*>a 




25 
Zx 


Weight of Fat 
left in Skimmed 
Milk. 


lbs. OE 




Ounoes. 


114 




.29 


5.3 


119 — 


4 


.36 


6.9 


100 — 


8 


.38 


6.1 


104 — 


4 


.36 


5.8 


107 — 


8 


.37 


6.4 


113 — 


8 


.57 


10.4 


100 — 


1 


.35 


5.6 


104 — 


14 


.65 


10.9 


94 — 


10 


.44 


6.7 


100 — 





.89 


14.2 


83 — 


9 


.30 


4.0 


85 — 


12 


.71 


9.8 



These analytical results coincide with the opinion expressed by 
observing dairymen that if milk is set at 45°, or below, a more com- 
plete separation of the fat occurs and more butter is obtained than 
at higher temperatures. When the milk was set at 60°. the fat which 
remained in the skimmed milk was two and one- half to three times 
that left when the temperatures ranged from 35° to 45°. 
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(5) THE COMPARATIVE WEIGHT AND COMPOSITION OF 

CREAM FROM MILK AFTER 12 AND 24 HOURS' 

STANDING. 

In these six trials in raising cream the milk was skimmed in the 
morning, so that the morning's milk of the previous day had stood 24 
hours, and the night's milk 12 hours. The cream from the night's and 
the morning's milk was kept separate, weighed and analyzed, con- 
sequently it is possible to compare that from 12 hours' setting with 
that from 24. 
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The above record of cream analyses shows that without exception 
the cream from morning's milk, which had stood 24 hours, contained 
a larger percentage of fat than the night's milk, which stood 12 hours. 
The average difference in ten comparisons is 2.20 per cent of fat. 
The average difference when the milk was set below 45° is 1.28 per 
cent, and the average when the milk was set at temperatures ranging 
from 45° to 60° is 3.58 per cent. The richest cream appears from 
this to be that which is obtained from milk which is set for a long 
time at a high temperature. 



(6) THE EESIDUE OF FAT IN SKIMMMED MILK AFTER 12 
HOURS' SETTING AND AFTER 24 HOURS. 

The figures bearing upon this point, which are the averages of 25 
or 26 analyses in each case, show nothing new, but simply accord 
with general belief and the results of other experimental tests. 

Fat in Skimmed Milk After 12 and 24 Hours' Setting op Milk. 



.Morning's milk, after 21 hours at 35° to 48°. 
Night's milk, after 12 hoars at 35° to 48°.. . 
Morning's milk, after 24 hours at 50° to 60°. 
Night's milk, after 12 hours at 50° to 60°. . . 



o « 2 

n • H 

-S.S 



.23 to .40 
.31to # .52 
.31 to .72 
.40 to 1.06 



os c a 



.33 
.39 
.61 
.80 



It seems that, with the milk used in these experiments, 12 hours' 
setting when the temperature was below 48° was as good as 24 
hours, the difference in the percentages of fat in the skimmed milk 
in the two cases being only six-hundredths of one per cent, or one 
pound of fat to 1666 pounds of skimmed milk. With temperatures 
ranging from 50° to 60° there was a difference in favor of 24 hours, 
amounting to nineteen-hundredths of one per cent, or one pound of 
fat to 526 pounds of skimmed milk. When 12 hours' setting under 
48° is compared with the same length of time at 50° to 60°, a large 
difference appears, amounting to one pound of fat to 244 pounds of 
skimmed milk. 
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(7) THE COMPARATIVE COMPOSITION OF NIGHT'S AND 
MORNING'S MILK. 

During the past two years the Station has made 267 analyses of 
morning's milk, and an equal number of night's milk from the same 
cows. These analyses have been made at different times in the year, 
and include the milk of ten cows. The milking was uniformly done 
at very nearly the same hour night and morning. The table below 
gives the average percentages of total solids and fats. 

Table Comparing the Composition of Night's and Morning's 

Milk. 









Composition of the 
Milk. 




Solids. 


Fat. 


Cow Belle, 34 days between Deo. 29 and March 9, morning's milk, 
' «« " " •« night'* uailk... 

Difference • .... 


15.11 
15.10 

.01 

14.26 
14.15 

.11 

14.75 
14.75 


5.48 
5.67 

.19 


Cow Helen, 34 days between Dec. 29 and March 9, morning's milk, 
" " " " night's milk. . . 


4.85 
4.85 


Cow Juno, 34 days betweon ] 


>ec. 29 and March 9, morning's milk, 
" *« night's milk. . . 


5.01 
5.18 


Difference 


12.89 
12.44 


.17 


Cow A, 35 day 8 between Jan 


17 and March 27, 
i ii 


morning's milk... 
night's milk 


3.92 
3.57 


Difference ... ...... 


.45 

14.47 
14.24 


.35 


Cow B, 35 days between Jan. 

it II 


17 and March 27, 
• ii 


morning's milk .-. 
night's milk 


4.79 
4.65 




.23 

14.80 
14.35 


.14 


Cow C, 35 days between Jan. 


17 and March 27, 
« ' ii 


morning's milk. . . 
night's milk..... 


5.40 
5.09 


Difference . ......... 


.45 

14.32 
14.04 

.28 

13.85 
13.34 

.61 


.31 


Cow D, 35 days between Jan. 
i< ii i 


17 and March 27, 
i i< 


morning's milk .. 
night's milk 


4.76 
4.56 

.20 


Mixed milk, 3 cows, 23 days, between Jane 13 and July 29, morning 
" •• 26 " «• " night . 

Difference 


4.81 
4.21 

.60 
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These analyses show that the morning's and the nighf s milk of 
the Jersey cows Belle, Helen and Juno, in the winter of 1885-6, dif- 
fered but very little. In the case of the grade Ayrshires A and B, 
and the Jerseys C and D, in the winter of 1886-7, the morning's 
milk was better than the night's by a small constant difference. The 
mixed milk of three common cows during June and July of the 
present season coutained .51 per cent more of solids and .60 per 
cent more of fat in the morning than at night, which means that it 
would take 114.2 pounds of night's milk to make as much butter as 
100 pounds of morning's milk. These averages indicate a much 
greater difference between morning's and night's milk in the summer 
than in the winter. 

COMMENTS. 

These comments are based entirely upon such facts as appear from 
the Station experiments in cream raising and from the analyses that 
have accompanied these and other experiments. The work done in this 
direction has resulted, for the most part, in setting forth, in an expe- 
rimental and illustrative way, certain facts that are important to 
dairymen, but which are not new to many. The figures given in 
the several tables, although they may to an extent illustrate truths 
already known, have value in that they measure somewhat definitely 
differences whose existence has been known but whose importance 
many have not fully appreciated. 

From the Station experiments and analyses the following facts ap- 
pear: 

(1) The butter value of cream is seriously modified by the tem- 
perature at which the milk is set, the cream from the higher tempera- 
tures having the greater value. 

This fact points to the necessity of requiring all the patrons of 
butter factories to set milk at the same temperature, if the proceeds 
of butter sales are to be divided on the basis of the inches of cream. 
Farmer A, who uses ice, has a great advantage over Farmer B, who 
does not. 

(2) Not only is a much larger volume of cream obtained, but a 
somewhat more complete separation of fat from the milk is secured 
at temperatures below 45° than at higher temperatures. Using the 
data obtained in these experiments as a basis of calculation, it ap- 
pears that for each 100 pounds of milk set, about nine ounces more 
butter are obtained at 48° or below, than at 60°. Each dairyman 
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must determine for himself whether this gain will render the use of 
ice profitable. 

(3) The fat seems to separate from the milk as completely in 12 
hours as in 24 when the milk is set at 48 6 or below, but at higher 
temperature there is considerable difference in favor of 24 hours 
setting. 



MISCELLANEOUS. 

ADULTERATION OF MOLASSES. 

Early in June of 1 886 three samples of molasses were sent to the 
Station by a merchant doing business in Maine, with the request that 
they be examined for the presence of tin. Tin was found in appre- 
ciable quantity in two of the three samples. Later five more sam- 
ples of molasses were collected in this State, in four of which 
tin was found. This indicates that tin exists in molasses quite gen- 
erally at the present time. The claim is made that tin is introduced 
into molasses in the form of the chloride (muriate) , the object of its 
use being to lighten the color of the molasses and thus improve its 
appearance. It is also stated that a portion or all of the tin thus 
introduced separates from the molasses, the completeness of this 
separation varying greatly in different cases, without doubt. That 
which remains in solution does not seem to be enough to produce 
immediate poisonous effects, although it is possible that the continu- 
ous presence of tin in human food might prove to be injurious to 
health. Three grains of chloride of tin are a sufficient quantity to 
act violently upon the organs of digestion, but even if we were sure 
that all the tin in molasses remains in the form of the chloride, a 
person would be obliged to eat a large quantity of molasses at one 
time in order to poison himself. At the same time, it is undoubtedly 
safer and wiser to eat molasses free from tin, and so it is considered 
that the presence of this metal in one of our common articles of food 
is a matter of some public interest. 

The sugar of molasses consists of two forms, at least, viz., su- 
crose, or the ordinary granulated sugar, and glucose, a difficultly 
crystallizable sugar not nearly as sweet as sucrose. The sweeten- 
ing power of molasses is diminished by increasing the glucose at the 
expense of the sucrose, which would be the case whenever molasses 
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is adulterated with glucose syrup. Determinations of the sucrose 
and glucose were made in the above mentioned samples, and the 
percentages obtained are given in the following table of results : 
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- 


- 


16.54 
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4 


Porto-Rico 


20.3 
23.47 


44.6 
46.2 


19,1 
17.7 


63.7 
63.9 




5 


Ponce Porto-Rico 


Tin. 


6 


Mixture 


22.22 
23.45 
20.9 


38.6 
44.5 
45.3 


24.0 
21.4 
21.2 


62.6 
65.9 
66.5 


Tin 


7 


Porto- Rioo 


Tin. 


8 


Porto-Rico 

Average 


Tin. 




21.8 


43.5 


21.9 


65.4 





It does not appear that any of the samples analyzed contained very 
much more glucose than is attributed to unadulterated molasses, the 
total percentages of sugar being very nearly the same that are usually 
found. 

Two or three observations in connection with these analyses may 
be of interest. 

(1) The color of molasses seems to have no relation to the amount 
of sugar it contains, or in other words, to its sweetening power, or 
food value. The dark brands of molasses are usually cheaper than 
the light, so that it is economy to use the former where the effect of 
the color of the molasses upon the appearance of the food is not con- 
sidered. 

(2) When it is merely a question of making food sweet, and not 
of securing the molasses flavor, molasses is very little more eco- 
nomical than granulated sugar, at present prices. A gallon of mo- 
lasses weighs eleven pounds very nearly. The eight samples analyzed 
contained on the average 65.4 per cent of sugar, or 7.2 pounds to the 
gallon. Allowing the retail price to average 45 cents per gallon, the 
cost of the sugar per pound would be 6J cents. 
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Nearly one-third of this sugar, however, is glucose, which has a 
lower sweetening power than granulated sugar, and when we allow 
for this fact, the cost of sugar in the better grades of molasses must 
be nearly as large with present prices as when bought in the form of 
pure granulated sugar. 

A. L. Moore, Esq , of Limerick left at the Station a sample of 
molasses which he suspected of being inferior in quality. The fol- 
lowing statement was sent to Mr. Moore : "We have determined the 
sucrose (cane sugar) and glucose in the sample of molasses which 
you left at the Station. The results are as follows : 

Sucrose. Glucose. Total Sugar. 

20 per cent. 33 per cent. 53 per cent. 

This is a poor molasses. It contains too small a percentage of to- 
tal sugar, and too large a part of this sugar is glucose. In good 
molasses the glucose should constitute considerably less than one- 
half the total sugar. By reference to a former bulletin of the Sta- 
tion, showing the sugar in eight samples, you can see that the mo- 
lasses you left with us is poor in comparison." 

INSECTICIDES. 

Insecticides have come to be very useful to the farmer in protect- 
ing his crops from the ravages of insects, and a knowledge of the 
composition of those offered for sale is a matter of considerable im- 
portance. Three of these preparations have been examined by the 
Station, viz : 

Paris Green, London Purple, Hammond's Slug Shot. 

In all of these the poisonous iugredient must be arsenious acid 
(oxide) or its compounds, so that in each case the value of the prep- 
aration as an insecticide is determined approximately by the amount 
of arsenious acid present, though in one instance the presence of a 
small amount of "dead oil" may add to the value of the prepara- 
tion as a preventive. The following are the results of the analyses 
of the above named materials : 
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Arsenious Oxide (white arsenic) . 

Cuprio Oxide 

Calcium Oxide (lime) 

Sulphuric Aeid (anhydride) 

Carbonic Aoid 

Acetio Acid 

"Dead oil" (by difference)* 

Insoluble residue 

Water of hydration (calculated) . 
Moisture 
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47.68 


65.35 


27.47 




- 


26.23 


.78 


.22 


- 


.27 


7.16 




2.34 




1.35 


5.29 



a 



1.20 

29.41 
42.05 

5.00 

18.91 
3.43 



♦Also determined approximately. 

The Paris Green is mainly an aceto-arsenite of copper, or in other 
words, a compound of acetic acid, arsenious acid and copper. The 
London Purple is composed mainly of arsenite of lime, containing, 
besides, quite an amount of coloring matter. 

Hammond's Slug Shot does not make so good showing as either 
of the other preparations, as over nine-tenths (exactly 90.37 per 
cent) of it appears to be nothing but plaster. It contains only 1.2 
per cent of arsenious acid, and approximately 5.00 per cent of a 
heav3 T oil. Paris Green contains almost forty (40) times as much arsen- 
ious acid as Hammond's Slug Shot, and London Purple over forty- 
six times as much. Or to put the relations in another form, two 
and one-half pounds of Paris Green, or two and one-fifth pounds of 
London Purple would furnish the arsenious acid for one hundred 
pounds of Hammond's Slug Shot. The latter contains some heavy 
oil which is not found in the other preparations. 



MAINE FERTILIZER CONTROL STATION. 123 



ANALYTICAL* AND EXPERIMENTAL METHODS. 

In presenting the results of the analytical and experimental work 
of the Station the purpose has been to avoid much reference to the 
details of the methods adopted in securing these results, because 
facts of this sort are chiefly of interest to the analyst and investi- 
gator and have very little value to agriculturists who desire only to 
know the practical bearings of an analysis or experiment. At the 
same time, it is proper for some statement to be made of the methods 
used, so^hat those who desire so to do may intelligently criticise the 
work of the Station. This is briefly done in what follows, besides 
which are some data and observations bearing upon certain methods 
of investigation. 

METHODS OF FERTILIZER ANALYSIS. 

The official methods as adopted by the Association of Official 
Agricultural Chemists (see proceedings of third annual convention) 
have been quite closely followed in the inspection of fertilizers. 
The only variation of any importance that has been made is in the 
determination of potash. After the addition of barium hydrate in 
excess, with subsequent heating, the solutions of ammonium 
hydrate and ammonium carbonate are added without previous filtra- 
tion, and without heating the mixed precipitates are allowed to 
settle, when they are thrown upon a filter and thoroughly washed. 
This causes a great saving of time as compared with two filtrations, 
for not only is one filtration saved, but the mixed precipitates filter 
much more rapidly and wash more easily than the precipitate from 
barium hydrate. Numerous comparisons of this method with the 
one involving two filtrations have been made during the past two or 
three years, with no appreciable difference in results. 

Determination of Nitrogen. In all cases where admissible, the 
Kjeldahl method of determining nitrogen has been used, and it has 
been found to be time saving and accurate. It has repeatedly stood 
the test of comparisons with the soda lime and absolute methods. 
The modifications of the Kjeldahl method suggested by Arnold, As- 

* The analytical work of the Station has been entirely performed during the past year by 
Mr. Bartlett and Mr. Merrill. 
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both, and Jodlbauer for the determination of nitrogen in materi- 
als containing nitrates have been tried to quite an extent, with some- 
what unsatisfactory results. These modifications are now being 
given a systematic trial, the results of which are reserved for future 
publication. 

Determination of the Character and Value of (lie Organic Nitrogen 
in Fertilizers. The possible sources of the organic nitrogen in fertil- 
izers are numerous. This form of nitrogen may come, for instance, 
from blood or from leather, both of which materials are in the market, 
but which differ greatly in value, not only commercially, but as a 
source of available plant food. It is very important to know whether 
commercial fertilizers contain organic nitrogen in such poor forms as 
leather, hair, wool, etc. 

The Report of the Connecticut Experiment Station for 1885 con- 
tains results of a study of a method proposed by previous inves- 
tigators for the determination of the value of organic nitrogen in 
fertilizers, viz : The digestion of the fertilizer with a pepsin solu- 
tion for a given time, and the subsequent determination of the nitro- 
gen not brought into solution. The figures so far as published show 
that nitrogenous organic materials have a comparative digestibility in 
a pepsin solution that accords fairly well with the supposed com- 
parative agricultural value. 

With a view to making a practical application of this method in 
the inspection of fertilizers, Mr. Merrill has determined the per- 
centage of organic nitrogen in eleven of the leading fertilizers sold 
in Maine, that remains undissolved by the pepsin solution. 

Previous to doing this, however, and as a preparation for the work 
on fertilizers, and to compare his results with those of others, rather 
than to take up a study begun by others, Mr. Merrill submitted quite 
a number of nitrogenous materials to the pepsin digestion*. 

These materials were obtained for the Station through the kind- 
ness of fertilizer manufacturers, and the only description that it is 
possible to give of them is the name under which they appeared in 
the markets. 

Unless otherwise mentioned, these substances were passed through 
a sieve with 1-25 inch meshes before digestion. 

•The pepsin solution was made by dissolving 5 grams of scale pepsin in 1000 c. c. of .2 per 
cent hydrochloric acid. Two grams of the substance were digested for 12 hours on each of two 
consecutive days with 200 c. c. of this solution, at a temperature of 40 degrees C. During the 
time of digestion 2 c. c. of a ten per cent solution of hydrochloric acid were added at regular 
intervals until the digestive fluid contained 1 per cent of the acid. 
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I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 



Dried blood. 



" soft red blood 

•« blood 

Fish scrap 

Herring scrap 

Chicago hog tankage 

Beef tankage 

Meat meal 

Bone meal — 1-50 inch or less 

Ammonite, A 

Azotin 

Hoof meal— extremely fine 

Leather, A* 

" B* ... 

" C 

D 

Horn & hoof meal, 1-25 inch or less, 
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3.41 
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12.42 
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97.29 
93.34 
97.58 
95.08 
69.20 
82.62 
57.99 
48.60 
75.73 
68.33 
75.44 
78.41 
93.36 
96.84 
96.03 
26.52 
7.67 
25.56 



♦Samples Leather A and Leather B were sent to the Station purporting to be prepared 
leather, but subsequent inquiry iailed to identify them as such. They are undoubtedly dried 
blood. 

The percentages of solubility in the pepsin solution shown above 
agree in general with those obtained by other analysts in all cases 
where similar materials can be compared. 

There is a notable difference in the solubility of the two samples 
of hoof meal XIII, and the horn and hoof meal, XVIII. This 
is due, in part at least, to the difference in mechanical condition, 
sample XIII being about as fine as it could be ground. Next to the 
leather the hog tankage VII, beef tankage VIII and fish scrap 
V, have the lowest solubility. Dried blood uniformly has the highest. 
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In treating the eleven mixed fertilizers previously mentioned with 
the pepsin solution, the method already described was followed, ex- 
cept that before digestion the two grams of fertilizers were thrown 
on a filter and leached with 75 c c. of water added in repeated small 
quantities. Additional samples were leached in the same way and 
the organic nitrogen soluble in water was determined. 





Per Cent of Nitrogen 
in Fertilisers. 


Solubility in 
Water 


Solubility in Pepsin 
Solution. 
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gen Soluble in 
Water.* 


Nitrogen not 
Soluble in Pepsin 
Solution. 


Total Per Cent of 
Organic Nitro- 
gen Soluble in 
Pepsin Solution. 
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.49 
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.38 
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2.04 


2.60 
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2.18 


3.01 


1.51 


.68 
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.16 


2.71 


2.87 


1.03 


.87 


1.32 


51.29 



* Total nitrogen soluble in water minus the nitrogen from nitrates and ammonia salts. 

In none of these fertilizers does the organic nitrogen show so low 
a solubility as to plainly indicate that its source is leather, hair, wool, 
or any substance of the same grade, but it is very clear that in some 
cases the ammoniates used are not of such high grade as dried blood, 
or the various forms of prepared meat. Nos. 7 and 9 may derive 
their nitrogen from fish scrap or from a mixture of high and low 
grade materials. So great is the variation in the solubility of fairly 
high-grade ammoniates that it seems impossible to decide by this 
method whether the organic nitrogen is or is not in part derived from 
low-grade ammoniates. For this reason the names of the mixed fer- 
tilizers used for the above determinations are not mentioned. 
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Artificial Digestion Compared with Results Obtained from 

Experiments with Animals. The Errors Involved in 

Digestion Experiments with Animals. 

Several investigators have proposed within a comparatively recent 
time to measure the digestibility of cattle foods by the solubility of 
their protein in certain artificial solutions of pepsin and pancreas ex- 
tract that are similar in action to the digestive fluids of the stomach and 
intestines of animals. In testing this method comparisons have been 
made between the results obtained by the use of artificial solutions 
and by experiments with animals. These comparisons have brought 
into especial prominence the errors involved in the coefficients of 
digestibility for protein as determined in the ordinary way. The 
main facts developed by several investigations, which bear upon the 
above points, are summarized in what follows : 

(1) The feces of animals contains varying quantities of bile com- 
pounds, epithelial cells, mucus, &c, some of which contain nitrogen. 
These cause an error by increasing the apparent amount of undi- 
gested protein. 

(2) The quantity of these substances appearing in the feces is 
stated to vary within wide limits with the amount of digestible ma- 
terial in the food eaten. 

(3) When comparisons of artificial digestion and the results of 
experiments with animals have been made with the same material, 
the former method has invariably given higher coefficients of diges- 
tibility for protein, the difference being somewhat inversely to the 
amount of protein in the food. 

(4) It is claimed that the artificial method gives correct results 
and that these differences are due to the presence in the feces of 
certain gall and intestinal products already mentioned, which do not 
belong to the undigested food residue, and which cause the digesti- 
bility of protein to appear less than it really is, when this is measured 
by the difference between the nitrogen of the food and that of the 
feces. 

(5) Stutzer* has proposed that the undigested protein of the food 
be measured by the nitrogen left in the feces after submitting it to 
digestion with a pepsin solution. Pfeifferf has compared the re- 
sults obtained in this way with those of the artificial pepsin-pan- 



♦Zeit. Phys. Chemie X, p. 167. 
flbid X, p. 561 and XI, p. 1. 
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creas digestion, and bis experiments indicate that not only are the 
gall and intestinal products wholly solable in a pepsin solution, but 
that the two methods will give very nearly the same coefficients for 
protein. 

Station experiments. In a previous part of this report are described 
several digestion experiments with sheep, for the purpose of determin- 
ing the digestibility of a number of cattle foods. These experiments 
have given opportunity to secure additional information on some 
points involved in a comparison of methods, and which bear upon 
conclusions in regard to the digestibility of food under certain 
conditions. The following determinations were made : 

(1) The digestibility of the protein of the several foods by arti- 
ficial pepsin-pancreas* digestion. 

(2) The nitrogen extracted from the feces by successive treatment 
with alcohol, ether and water. 

(3) The nitrogen extracted from the feces, both fresh and after 
drying, by digestion with a pepsin solution. 

Results with artificial pepsin-pancreas digestion. The table below 
gives the percentages of protein digested from a variety of cattle 
foods by this method. For a description of these foDds reference is 
made to the ' 'Analyses of Feeding Stuffs" in a former part of this 
report. 

♦The pepsin solution used consisted of 5 grams of scale pepsin dissolved in one liter of 0.2 
hydrochloric acid. Two grams of the substance were digested for 24 hours (12 hours on each 
of two consecutive days) in 250 c. c. of thi* solution, hydrochloric acid (0.1 per cent) being 
added at regular intervals until the solution contained 1 per cent. The undigested residue was 
then washed thoroughly and submitted to digestion in a pancreas solution, made after a method 
suggested by Dr. R. H. Chittenden of Yale College. (See Report Conn. Exp't Station for 
1885, p. 45.) 

The sweet breads (pancreas) of neat cattle were finely cut and allowed to remain in a large 
quantity of alcohol for a week or more. After the alcohol was strained off, the residue was 
extracted with ether, dried, ground and bettled. To prepare the solution, 25 grams of the dry 
pancreas, together with 2.5 grams of salicylic acid and 250 c. c. of water were heated for 12 
hours at 40 degrees C. The solution was then filtered, and the residue washed until the filtrate 
and washings amounted to one liter. Two hundred c. c. of this solution were used in each ex- 
periment, with 0.6 gram of sodium carbonate and a few drops of a solution of 20 grams thymol 
in 100 c. c. alcohol. The digestion was continued for the same length of time as with the pep- 
sin solution. 
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2*1 
«m-5 a 

§55* 
cu.2cu5 



Timothy hay,* XV 

Timothy hay, XXTTT 

Timothy hay, XXXIII 

Clover hay, XXIV 

Clover hay, XXXVII 

Oat straw, XXVII 

Potatoes, raw, XXX 

Potatoes, boiled, XXXII 

Corn meal,* XX 

Corn-and-cob meal,* XXII 

Corn cobs,* XXI 

Cotton-seed meal, XXXVIII . 
Cotton-seed meal, XXXV 

Linseed meal, XXIX 

Linseed meal, XXXIV 



54.6 
56.5 
60.4 
53. 
56.2 
45.6 
94.1 
91.9 
82.5 
82.5 
2.4 
91.6 
91.8 
88.8 
89 6 



* See Report of 1885-6. Digested after keeping in the Laboratory for one year. 

Solubility of fecal nitrogen in alcohol, ether and water , and in w 
pepsin solution. These determinations were made with the dried 
and ground feces. Two grams of the material were treated, after 
which the undissolved nitrogen was determined. The alcohol, ether 
and water were used ad libitum. The pepsin digestion was the 
same as with fodders. The next table compares the results by the 
two methods of treatment. 
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It appears that much more of the nitrogenous material is extracted 
by pepsin digestion than by alcohol, ether and water. The later 
solvents take out mainly the bile compounds. What they fail to 
remove is probably mucus, which is dissolved by the pepsin solution. 

"There is good reason for believing that the feces contain con- 
siderable mucus. Kellner* has made the observation that when the 
excrement of sheep is dried the outer coating separates from the 
nodules and rolls together in a thin paper-like form. He concludes 
that this outside layer is strongly impregnated with mucus. He 
found that when the excrement is freed from these coatings it con- 
tains a much smaller percentage of nitrogen than before and that 
the average amount of nitrogen thus removed was equivalent to .36 
gr. for each 100 gr. of dry substance. Those who have conducted 
digestion experiments cannot fail to have noticed that occasionally 
strings of jelly-like matter are present in the feces, which must be 
largely mucus."t 

It is plainly true that much of nitrogen in the feces does not 
properly belong to the undigested residue of the food. It cannot at 
present be shown that the pepsin solution extracts no more than 
the nitrogen of this kind, but that it does so seems improbable. 

Comparison of artificial pepsin-pancreas digestion, experiments with 
animals, and the method proposed by Stutzer. These comparisons 
are made by the use of data previously given under the head of 
4 'Digestion Experiments" and those furnished by the last two tables. 
This is done in the next table. In most cases the figures are the 
average of two trials. 

♦Bied. Centr. Agr. Chemie X, p. 157. 
t From Agricultural Science, Vol. I, p. 9. 
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Timothy hay, XV .... 
Timothy hay, XXIII.. 
Clover hay, XXIV.... 
Clover hay, XXXVII . 
Oat straw, XXVII.... 



Oat straw, XXVII > 
Potatoes, XXX $ ' 

Timothy, XXXIII > 
Potatoes, XXXII J ' 



Corn meal, XX 

Corn-and-eob meal, XXII . 



From 100 Parts of Protein in Food, 
there was Digested 



«&5 



54.5 

56.6 

52. 

56.2 

45.6 

78.5 

74.4 

82.5 
82.5 



J.5 



g.E-3 



JS 9 • 




42.1 
45.2 
58.6 
49.3 

—8.9 

27.5 

43.9 

86.1 
75.7 



63.7 
69.4 
64.8 
28.9 

63.8 

70.1 

93.4 
86.1 



In these comparisons no satisfactory agreement is seen to exist 
between any two methods. Either the artificial digestion failed to 
act upon the protein of the food as vigorously as the digestive fluids 
in the animal, or the pepsin solution extracted from the feces a portion 
of the nitrogen belonging to the real undigested food residue. 

Relation of pepsin-soluble nitrogen in feces to the amount of dry 
substance digested. This has been calculated for each digestion ex- 
periment, and the results which follow vary widely from .400 of a 
gram of nitrogen to each 100 grams dry substance digested, which 
is the relation proposed by Kellner* for estimating the quantity of 
nitrogen in the feces not belonging to the undigested food residue. 



♦Bied. Centr. Agr. Chemie X, p. 763. 
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Timothy hay, XXIII . 
OloTer hay, XXIV . . . 
Clover hay, XXXVII. 
Oat straw, XXVII.... 



Oat straw, XXVII 
Potatoes, XXX 



Timothy, XXXIII > 
Potatoes, XXXII $ 









5S-o 
sC.2 « 



330.4 
344. 
393.3 
158.6 

343.6 
433.5 



&* 



1.33 

1.31 

1.47 

.75 

3.35 
3.16 



2 SSg 

*" S S 5 2 






&£§£3 



.38 
.35 
.50 
.47 

.65 
.51 



Fecal nitrogen soluble in a pepsin solution before and after drying. 
Pf eiffer* has made the observation that the nitrogen in the feces com- 
ing from waste gall and intestinal products is completely soluble in a 
pepsin solution only when the feces are treated in a fresh condition, 
t*. e. y before drying. He found that when the dried feces of pigs 
which contained no undigested food residue was submitted to a pepsin 
digestion only about half the nitrogen was brought into solution, but 
that all the nitrogen was extracted by this treatment when the dung 
was kept in alcohol without drying. 

In the Station digestion experiments with sheep one-thirtieth of each 
day's excrement was put into alcohol, and at the end of each ex- 
periment the whole was filtered as dry as possible, thoroughly mixed, 
and eight grams submitted to a pepsin digestion. 

One-tenth of the daily excrement was dried over a water bath, 
ground, mixed, after which two grams were digested. The percent- 
ages of undissolved nitrogen found by the two methods, as given be- 
low, are based upon the total dry substance in the feces. The 
solubility of the nitrogen compounds does not seem to have been 
affected by the drying. 



♦Zeit. Bhys. Chemie X, p. 568. 
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Feoes From 


Insoluble in Pep- 
sin Solution after 
Drying. 


Insoluble in Pep- 
sin Solation 
before Drying. 


i 

a 
© 

S 


Timothy hay, sheep 1 . . •••• ...... <•«••.•■• «... ***+ . . * * 


% 
.79 

.82 
1.23 
1.25 
1.01 

.81 

1.18 
.92 


.81 
.82 
1.30 
1.31 
.90 
.74 

1.26 

.92 


—.02 


*i *t u 2..,. 




Clover bay. sheep 1 •••••• •••..... •••• »»»» •■.*. -..» .»*. 


— 07 


•« it a 2,. •••••••••• ........ 


—.06 


Oat straw, sheep 1 . . . . •••• •••• •••••••••••••••• • •••*... 


.11 


U M u 2.. • •••.. ••••• 


.07 


Oat straw Isheenl 


08 


Baw potatoes JSneepi 

a u u 2 •• 





The Errors of Feeding Experiments. 

Conclusions in regard to the relative value of different rations for 
growth, when based upon changes in the live weight of animals, are 
criticised on the ground that the daily variations in weight of an 
animal are very large, and may cause the change in weight between 
two given weighings to be much more or less than the actual growth 
which the food has caused. These changes in weight not due to 
growth are caused largely by variations in the contents of the stomach 
and intestines and in the amount of water drank. The extent of the 
error from this cause can be partially controlled by the exercise of 
care in giving animals food and water at regular intervals, and by 
taking all the weights at the same time of day. 

In the Station experiments, besides precautions of this kind, the 
weights upon which gain or loss is based are the average of four 
weighings on as many consecutive days. 

In order to show the extent of the error which the apparent re- 
sults of these feeding trials are likely to involve, all the daily weigh- 
ings of the ten steers, 120 in all, are given in this connection, with 
the averages of each set of four weighings. 
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Daily Weights of Steers. 




8teer 
1. 


Steer 
2. 


Steer 
3. 


Steer 
4. 


Steer 
6. 


8teer 
6. 


Steer 

7. 


Steer 
8. 


Steer 
9. 

809 
801 
804 
798 


8teer 
10. 


December 29th 


687 
691 
689 
695 
690 
704 
706 
711 
713 


772 
760 
762 
761 


733 

738 
743 
739 


704 
712 
698 
700 


731 
718 
721 
726 
724 
795 
806 
811 
818 


679 
673 
678 
679 
677 
742 
745 
750 
752 


698 
692 
691 
686 


867 
841 
826 
833 


786 


«« 30th 


791 


«« 31ft 


791 


JftlMSJTT lit *•••••«. .... 


784 






Average 


764 
781 
783 
774 
781 


738 
796 
801 
793 

797 
796 
885 
886 
880 
886 
884 


703 
727 
736 
730 
730 
730 
796 
806 
800 
803 


691 
841 
849 
850 
854 
848 
864 
853 
861 
869 


839 
948 
965 
957 
971 
960 
955 
960 
966 
964 


803 
835 
866 
852 
852 


788 


Mftreh 8th 


838 


a 9th 


868 


« 10th 


844 


" 11th.... 


866 






Average ... .... .... 


708 
783 
788 
789 
786 
786 


*80- 
849 
856 
842 
856 
860 


807 
933 
925 
921 
932 


747 
871 
872 
871 
886 


861 
837 
844 
833 
830 


849' 


May 16th 


841 


« 17th 


846 


« 18th 


830 


«« 19th... 


840 






Average 


801 


928 


876 


862 


961 


836 


839 



Taking the weights recorded above as an indication of the extent 
of errors that are likely to occur in work of this kind, there is rea- 
son for considerable confidence in the apparent results of a feeding 
experiment continued for over four months. Another error always 
accompanying experiments in feeding for growth is the varying capaci- 
ties of different animals for utilizing food in the direction of growth. 
This error can be eliminated in part, at least, by changing the rations 
so that each of two rations to be compared shall be fed to the same 
animal or animals for a certain length of time. Another method of 
doing the same thing is to feed all the animals on the same ration for 
a time, and then use the comparative results as a basis for correcting 
the apparent gain on different rations. The former method was 
used by the Station in the experiments previously discussed. 
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LICENSE FEES. 

The following is a list of the manufacturers of fertilizers, whose 
goods are sold in Maine, who are licensed to sell fertilizers in this 
State during 1887. 

American Manufacturing Company, Boston, Mass. 

Allen Fertilizer $50 00 

Atlantic Fertilizer Company, Boston, Mass. 

Mayo Superphosphate 50 00 

Bowker Fertilizer Company, Boston, Mass. 

Bowker's Hill and Drill Phosphate 50 00 

Stockbridge's Specials 15 00 

Bowker's Ammoniated Dissolved Bone 15 00 

Bradley Fertilizer Company, Boston, Mass. 

Bradley's X. L. Superphosphate 50 00 

Bradley's Potato Manure 15 00 

Original Coe's Superphosphate 15 00 

Bradley's Circle Brand and Potash 15 00 

B. D. Sea Fowl Guano 15 00 

Clark's Cove Guano Company, New Bedford, Mass. 

Bay State Fertilizer 50 00 

Thoroughbred Lawn, Garden and Plant Fertilizer 15 00 

Cleveland Dryer Company, Cleveland, Ohio. 

Cleveland Superphosphate 50 00 

Common Sense Fertilizer Company, Boston, Mass. 

Common Sense Fertilizer, No. 2 50 00 

Common Sense Fertilizer, Diamond D 15 00 

Crocker Fertilizer & Chemical Company, Buffalo, N. Y. 

Ammoniated Bone Superphosphate 50 00 

Potato Hop and Tobacco Phosphate 15 00 

Special Superphosphate 15 00 

Cumberland Bone Company, Portland, Me. 

Cumberland Bone Superphosphate 50 00 

Cumberland Seeding Down Fertilizer 15 00 

C. D. Stanford, Bangor, Me. 

Farmer's Choice 50 00 
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E. Frank Coe, New York, N. Y. 

E. Frank Coe's High Grade Ammoniated Bone Super- 
phosphate $50 00 

F. S. Farrar & Company, Bangor, Maine. 

Farm's Superphosphate 50 00 

Flamingo Guano Company, Baltimore, Md. 

Flamingo Guano 50 00 

Liebig's Ammoniated Superphosphate 15 00 

Glidden & Curtis, Boston, Mass. 

Soluble Pacific Guano 50 00 

Bed Beach Plaster Company, Red Beach, Me. 

Red Beach Bone Superphosphate 50 00 

Sagadahoc Fertilizer Company, Bowdoinham, Me. 

Sagadahoc Superphosphate 50 00 

Dirigo Grass & Grain Fertilizer 15 00 

Standard Fertilizer Company, Boston, Mass. 

Standard Superphosphate 50 00 

Standard Fertilizer 15 00 

Standard Guano 15 00 

J. A. Tucker & Company, Boston, Mass. 

Bay State Superphosphate 50 00 

Wilkinson & Company, New York, N. Y. 

Wilkinson's Superphosphate 50 00 

Williams & Clark Company, New York, N. Y. 

Americus Ammoniated Bone Superphosphate 50 00 

Americus Special Potato Fertilizer 15 00 



Law Establishing the Maine Fertilizer Control and 
Agricultural Experiment Station. 



CHAPTER 294, PUBLIC LAWS OF 1885. 



AN ACT to establish an Agricultural Experiment Station. 

Be it enacted by the Senate and House of Representatives in Legis- 
lature assembled^ as follows: 

Section 1. That for the purpose of protection from frauds in 
commercial fertilizers, and from adulterations in foods, feeds and 
seeds, and for the purpose of promoting agriculture by scientific 
investigation and experiment, the Maine Fertilizer Control and 
Agricultural Experiment Station is hereby established in connection 
with the State College of Agriculture and Mechanic Arts. 

Section 2. The direction and management of this station shall 
be committed to a board of managers, to consist of five members, 
namely : the professor of agriculture of the State College of Agri- 
culture and Mechanic Arts, ex-officio ; the secretary of the state 
board of agriculture, ex-officio, and three members to be appointed 
by the governor, whose terms of office shall be three years, except 
in the first appointment, one shall be designated to serve but one 
year, and one to serve two years. 

Section 3. The board of managers shall be called together by 
the secretary of the board of agriculture, at such place in this state 
as he may designate, within thirty days of the approval of this act, 
for the purpose of transacting such business as may be required to 
put the station in operation ; and thereafter the board of managers 
shall hold a meeting annually, at Augusta, on the Tuesday preced- 
ing the third Wednesday of January, for the transaction of business 
relating to the station. Other meetings may be called, on due notice, 
by the president, at such times and places as will best promote the 
objects contemplated by this act. 

(189) 
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Section 4. The board of managers shall organize by the election 
of a president, a secretary and treasurer, who shall severally hold 
their offices for one year and until their successors are elected. 
They shall locate the station herein provided for, and shall appoint 
a director, who shall have the general management and oversight of 
the analyses, investigations and experiments necessary to carry out 
the purposes named in section one of this act, and shall employ 
competent assistants to aid in prosecuting the work of the station. 
It shall, whenever public interest will be promoted thereby, publish 
by bulletin or otherwise, the results of its investigations and experi- 
ments, and shall make an annual report of its work to the governor 
and council, which shall be printed and bound with the report of the 
secretary of the board of agriculture. 

Section 5. The sum of five thousand dollars, annually, is hereby 
appropriated to the Maine Fertilizer Control and Agricultural Experi- 
ment Station, and the governor and council, from time to time, shall 
draw their warrant on the state treasurer for such sums of money 
as are necessary to defray the expenses herein provided for, not 
exceeding in any one year the appropriation herein named, an 
account of which shall first be approved by the president and secre- 
tary of the board of managers. 

Section 6. The board of managers shall receive no compensation 
for time and services rendered, but shall be reimbursed for actual 
expenses incurred in the performance of their duties. 

Section 7. Any manufacturer, company, or person who shall 
offer, sell, or expose for sale in this state, any commercial fertilizer, 
the price of which exceeds ten dollars per ton, shall affix to every 
package, in a conspicuous place on the outside thereof, a plainly 
printed certificate, stating the number of net pounds in the package 
sold or offered for sale, the name or trade-mark under which the 
article is sold, the name of the manufacturer, and the place of 
manufacture, and a chemical analysis stating the percentage of 
nitrogen, or its equivalent in ammonia in available form, of potash 
soluble in water, and of phosphoric acid in available form, soluble 
or reverted, as well as the total phosphoric acid. 

Section 8. The manufacturer, company or person selling or 
offering for sale in this state, any commercial fertilizers exceeding 
ten dollars per ton in price shall, on or before the first day of April 
annually, or before offering the same for sale, procure a license from 
the board of managers, authorizing the sale of said fertilizers in the 
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state, and shall pay for the same the sum of fifty dollars for a 
single brand, and fifteen dollars for each additional brand offered for 
sale ; and shall furnish the secretary of the board of managers, at 
the time of their appointment, the names of all agents authorized by 
him to sell the same in this state. 

Section 9. This act shall not apply to the article known as 
porgy chum, or fish scrap, or fish waste of any kind, or bone, when 
offered for sale unmixed with other fertilizing material ; nor shall it 
apply to parties manufacturing fertilizers in quantities less than 
twenty-five tons per year, or to fertilizers in possession of dealers or 
agents at the time of approval of this act. 

Section 10. The director of the station, or any person by him 
deputized, is hereby empowered to select from three different parcels 
or packages of commercial fertilizers, taken from three different 
sections of the state, held or offered for sale in this state, quantities 
not exceeding two pounds from each package, which quantities shall 
be for analysis, the average of the several analyses shall be taken 
to compare with the certificate found on the given packages, held or 
offered for sale ; and he shall select each year, at least three samples , 
as aforesaid, from each brand held for sale, and shall secure these 
analyses at the station. The agent shall select these samples, in the 
presence of some representative of the company, from which the 
quantities are so selected, and shall deliver one-half of said samples, 
properly sealed by him, to said representative. 

Section 11. The secretary of the board of managers shall 
register, in a suitable book kept in his office, a list of all licenses 
issued, and of fees received therefor, and a list of all brands of 
fertilizers sampled ; and all license fees received by the board of 
managers shall be paid into the treasury of the state. 

Section 12. Any person or party, who shall offer or expose for 
sale any commercial fertilizer, without complying with the require- 
ments of sections seven and eight of this act, or shall permit an 
analysis to be attached to any package of such fertilizer, stating that 
it contain a larger percentage of any one or more of the constituents 
named in section seven of this act than it really does contain, shall 
be fined not less than one hundred dollars nor more than three hun- 
dred dollars for the first offense, and not less than two hundred 
dollars nor more than five hundred dollars for each subsequent 
offense; and the offender shall, in all cases, also, be liable for 
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damages sustained by the purchasers of said fertilizers, provided, 
however, that the deficiency of one per cent of nitrogen, potash, or 
phosphoric acid claimed to be contained, shall not be considered as 
evidence of fraudulent intent. 

Section 13. All acts and parts of acts inconsistent with this act 
are hereby repealed. 

Section 14. This act shall take effect when approved. 

[Approved March 8, 1885.] 
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